Shappard, Pau!a ' _^___„__ 



« ."roir;: Partner, Ginny 

' Sent: Tuesday, December 10, 2002 4:05 PM 

To: Sheppard, Paula 

5 Subject: 09/369,992 

Importance: High 



Paula, I left a voice mail but am also sending an email. You completed a sequence search of nucleotides 1 147-1740 of 
SEQ ID No 1 , but I also need a oligomer search of this specific region as well. Do I need toYesubmit an additional search 
request? G 

(^innp ISartner 
CM1, Art Unit 1645 
Room 7e13 
Mail ba^efTs 
(703) i08=7543 
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Point of Contact 
P. Sheppard 
Telephone number: (703) 30*M49< 
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tRNA genes transcribed from 

the plastid-like DNA of Plasmodium falciparum 

P Preiser, DH Williamson and RJ Wilson 

Division of Parasitology, National Institute for Medical Research, Mill Hill, London, UK. 

Besides their mitochondrial genome, malarial parasites contain a second 
organellar DNA. This 35 kb circular molecule has a number of features 
reminiscent of plastid DNAs. Sequence analysis shows that along with other 
genes the circle codes for 25 different tRNAs all of which are transcribed. 
Six of the tRNAs have some unusual features, and one has an intron, the only 
one found so far on the circle. Comparison of codon and anticodon usage 
indicates that the 25 tRNAs are sufficient to decode all the protein genes 
present on the circle. The maintenance of such a parsimonious but complete 
translation system is further evidence for the functionality of the circle. 
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Identification of human liver carboxylesterase 
of the proteins involved in Plasmodium falcipar 
malaria sporozoite invasion in primary cultures 
human hepatocytes. 



PubMed 
Services 



Related 
Resources 



van Pelt JF, Moshage HJ, Depla E, Verhave JP, Yap 

Department of Liver and Pancreatic Diseases, Universit 
Hospital Gasthuisberg, Leuven, Belgium. 

BACKGROUND/AIMS: In a previous study, we have 
demonstrated that primary human hepatocytes in cultur 
susceptible for Plasmodium falciparum sporozoite invasi 
for development of parasites into exo-erythrocytic fori 
separate study we demonstrated the involvement of tw< 
liver plasma membrane proteins (55 kD and 20 kD) in th 
invasion of P. falciparum sporozoites in vitro. In this sti 
have unravelled the nature of the 55 kD protein. METH 
For the identification of this protein, a 53-58 kD memb 
protein fraction from human liver was isolated, radioact 
labelled, incubated with sporozoites and cross-linked. A 
reduction of the cross-linker, the released proteins wer 
with unlabelled 53-58 kD protein fraction and separate 



*~ th. +- r\ s s* r— 



lof 3 



12/10/02 3:28 PM 



http://www.ncbi. ntm.nih.gov:80/cntrcz/qucry...eAdb=PubMedAlist_uids=9365045Adopt=Abstract 

Two-aimensionai sus-fA&t. AUToraaiograpny snowea a 
spot corresponding to a protein of 55 kD and pi of 5.7- 
RESULTS: Amino acid sequencing revealed the 55 kD pr 
carboxylesterase. The biological activity of purified hur 
carboxylesterase and of an antiserum against carboxyle 
on sporozoite invasion in vitro was evaluated. Human 
carboxylesterase as well as a rabbit antiserum against 
carboxylesterase inhibited the invasion of P. falciparum 
sporozoites into primary human hepatocytes in culture, 
number of carboxylesterase cDNA clones were isolated 
human liver cDNA library. Sequence analysis revealed tv 
different iso-types. Immunoaff inity purified recombina 
carboxylesterase was shown also to inhibit the invasion 
sporozoites into primary human hepatocytes. 
Immunocytochemical analysis of the localisation of 
carboxylesterase in primary cultures of human hepatoq 
using specific antibodies, showed its presence inside th< 
hepatocytes and on the membrane. CONCLUSIONS: 
Carboxylesterase plays a role in the invasion process of 
falciparum sporozoites into human hepatocytes in vitro, 
implications of these findings are further discussed. 

PMID: 9365045 [PubMed - indexed for MEDLINE] 




Write to the Help Desk 
NCBI | NLM | NIH 
Department of Health <& Human Services 
Freedom of Information Act I Disclaimer 



12/10/02 3:28 PM 



Entrez-PubMed http://www.ncbi.nlm.nih.gov:80/cntrc2/query„.cAdb=PubMedAlist_uids=93650454dopt= Abstract 



3 of 3 



12/10/02 3:28 PM 



3> 



<&>> 



r 0j 



Entrcz-PubMcd 



http://www.ncbi.nlm.nih.gov:80/e^ 




B iM^t i National 
PubkfAjed ofM ^ 






□ 1 : Gene 1997 Oct 24;200(l-2):91-8 



Related Articl< 



Entrez 
PubMed 



PubMed 
Services 



Related 



Partial nucleotide sequence and organisation of 
extrachromosomal plastid-like DNA in Plasmod 
berghei. 

Yap MW, Kara UA, ten Heggelcr-Bordier B, Ting RC 
TM. 

Molecular Parasitology Laboratory, School of Biological 
Sciences, Singapore, Singapore. 

The murine malaria parasite Plasmodium berghei contair 
plastid-like extrachromosomal genome. This genome is 2 
size and is transcriptionally active as shown by RT-PCR. 
sequence analysis of the genome reveals 69.9-95.5% hoi 
to sequences of the 35-kb extrachromosomal circle fou 
human malaria species Plasmodium falciparum. Homologo 
sequences include regions of genes for the ssu-rRNA, l< 
rpo B and clusters of t-RN As. Sequence variation betwe 
two Plasmodium species exists in the non-coding intersp 
regions. A physical map has been constructed for the P. 
circle, indicating the EcoRI and Hindlll restriction site 
as the arrangement of the rRNA, rpo B and tRNA gene* 
Arrangement of these genes is similar to that found on 
fnlrinnrum 35-kh c.\rr.\f>. Tht>. P bf.rohp.i c.\rc\\\ar p.lp.m*>.n1 
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distinct from the mitochondrial 6-kb DNA of both the i 
and the human Plasmodium species. Preliminary results i 
that the circle may be a useful target for drug therapy 

PMID: 9373142 [PubMed - indexed for MEDLINE] 
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Direct PCR amplification and sequence analysis 
extrachromosomal Plasmodium DNA from dried 
spots. 

Tan TM, Nelson JS, Ng HC, Ting RC, Kara UA. 

Institute of Molecular and Cell Biology, National Univer: 
Singapore, Singapore. 

The Plasmodium parasite possesses two extrachromosor 
genomes; the mitochondrial genetic element and the 
extrachromosomal plastid-like DNA. The latter has only 
fully described for one culture strain of P. falciparum. 1 
study, a rapid procedure for amplifying plastid DNA fro 
blood spots of blood infected with different malaria sp< 
developed. PCR amplification of a 595 bp fragment with 
plastid-like large subunit ribosomal-RNA (LSU-rRNA) g< 
achieved using primers derived from the P. falciparum s 
The PCR product was observed in all Plasmodium species 
examined. Sequence analysis of amplified products hom< 
to an LSU-rRNA fragment of the plastid-like extrachrc 
circle revealed extensive conservation between Plasmoo 
species including P. falciparum, P. vivax, P. malariae and I 
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/ db_xr e f = " t axon : 5825 " 

/ organi sm= "Plasmodium chabaudi " 

/strain="adami DS" 

<1. . >594 

/product =" large subunit ribosomal RNA 



it 



gtatcgcttt aataggcgaa cagacttacc cttaaaacat actactgett taggatgega 
taagecgaca tegaggtgee aaaccttttc gtcaatatgg actcteggaa aagattagee 
tgttatccct agagtaactt ttatccgtta agegataate ttattattaa ataattatcg 
gatcattaag accgacatta atctctgttt aatttgtaaa ttttacagtt aattatatat 
ttatctttat ataataaata taacattgta cacctccgtt tttatatagg aggagacege 
cccagtcaaa ctatcttata aatattgtaa aaaattttgt tataaaaatt ttataagaat 
ttatatatat ataaaatggt atttcattta taattacatt atttccaaaa aaataatatc 
aatacttccc atttattcta tgttatacat atatattttc aatacctact aatagtaaag 
cttcataggg tctttctgtc ctaatataag aaatctgeat cttcacagat aattttattt 
cattaagatt ttttttaaga cagcatttaa gtcgttacat etttcatgea ggtc 
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XX 

FH Key Location/Qualifiers 
FH 
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FT /product=" large subunit ribosomal RNA" 

XX 



SQ Sequence 594 BP; 227 A; 70 C; 98 G; 199 T; 0 other; 

gacctgcatg aaagatgtaa cgacttaaat gctgtcttaa aaaaaatctt aatgaaataa 60 
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aattatctgt gaagatgcag" atttcttata ttaggacaga aagaccctat gaagctttac 120 

tatgaataga tattgaaaat atatatatag agcatagcat aaatgggaaa taatgatatt 18 0 

atttttttgg aaatagtgta attgtaaatg aaataccatt ttttatatat ataaattctt 240 

aaaaaaattt tttaacaaat tttttaacag tatttataag atagtttgac tggggcggtc 300 

tcctcctata taaaaacgga ggagtacaaa gttatatatg ttatataaag atatatatat 360 

aattaactgt aaaattaaca aattaaacag agattaatgt cggtcttaat gatccgataa 420 

ttatttaatg ataaaattat cgcttaacgg ataaaagtta ctctagggat aacaggctaa 480 

tcttttccga gagtccatat tgacgaaaag gtttggcacc tcgatgtcgg cttatcgcat 540 

cctaaagcag tagtatgttt taagggtaag tctgttcgcc tattaaagcg atac 594 
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Generic DB Entry Retrieval 



ID 
XX 
AC 
XX 

sv 

XX 
DT 
DT 
XX 
DE 
DE 
XX 
KW 
XX 
OS 

oc 

XX 
RN 
RP 
RA 
RT 
RL 
RL 
RL 
XX 
FH 
FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
XX 
SQ 



AF182846 standard; DNA; INV; 594 BP. 

AF182846; 

AF182846.1 

25-OCT-1999 (Rel . 61, Created) 

25-OCT-1999 (Rel. 61, Last updated, Version 1) 

Plasmodium malariae from Burma large subunit ribosomal RNA gene, partial 
sequence . 



Plasmodium malariae 

Eukaryota; Alveolata; Apicomplexa; Haemosporida ; Plasmodium. 
[1] 

1-594 

Tham J.M. , Khoh L.K., Kara A. U.K.; 

Submitted (03 -SEP-1999) to the EMBL/ GenBank/DDB J databases. 
Institute of Molecular and Cell Biology, 30 Medical Drive, Singapore 
117609, Singapore 



Key 



source 



rRNA 



Sequence 5 
gtatcgcttt 
taagecgaca 
tgttatccct 
gatcattaag 
atatctttat 
cccagtcaaa 
ttatatatat 
tatatttccc 
cttcataggg 
cattaagatt 



Location/ Qualifiers 
1. .594 

/ count ry= " Burma " 

/ db_xr e f = " t axon : 5858 « 

/organism=" Plasmodium malariae" 

/ s train= "BTTSH/ 104 » 

<1. .>594 

/product= M large subunit ribosomal RNA" 



94 BP; 201 
aataggcgaa 
tegaggtgee 
agagtaactt 
accgacatta 
ataataaata 
ctatcttata 
aaaaaatggt 
atttatacta 
tctttctgtc 
tttttcaaga 



A; 90 C; 70 
cagacttacc 
aaaccttttc 
ttatccgtta 
atctctgttt 
taacattgta 
aatattgttt 
atttcattta 
tgttttatat 
ccaatataag 
cagcatttaa 



G; 233 T; 

cttaaaacat 

gtcaatatgg 

agegataatt 

aatttgtata 

ctcctccgtt 

aaaaatttgt 

taattacatt 

atatattttc 

aaatctgtat 

gtcgttacat 



0 other; 
actactgett 
getcteggaa 
ttatcattaa 
ttttacagtt 
tatatatagg 
tataaaattt 
atttccaaaa 
aatacttatt 
cttcacagat 
etttcatgea 



taggatgtga 
aagattagee 
ataattatcg 
aattatatat 
aggagacege 
ttataagaat 
aaataatatt 
aatagtaaag 
atttttattt 
ggtc 



60 
120 
180 
240 
300 
360 
420 
480 
540 
594 
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Generic DB Entry Retrieval 



ID 



PFTRNA 



standard; circular DNA; INV; 5142 BP. 



XX 

AC X75545; 
XX 

SV X75545.1 
XX 

DT 01-AUG-1994 (Rel . 40, Created) 

DT 01-AUG-1994 (Rel. 40, Last updated, Version 3) 
XX 

DE P. falciparum gene for tRNA I , A, N, L, R, V, R, M, T 
XX 

KW large ribosomal subunit; small ribosomal subunit RNA; transfer RNA-Ala; 

KW transfer RNA-Arg; transfer RNA-Asn; transfer RNA-Ile; transfer RNA-Leu; 

KW transfer RNA-Thr ; transfer RNA-Val; trnA gene; trnl gene; trnL gene; 

KW trnM gene; trnN gene; trnR gene; trnT gene; trnV gene. 
XX 

OS Plasmodium falciparum (malaria parasite P. falciparum) 

OC Eukaryota; Alveolata; Apicomplexa; Haemosporida; Plasmodium. 

XX 

RN [2] 

RP 1-5142 

RA Wilson R. J.M. ; 

RT 

RL Submitted (02 -NOV-1993 ) to the EMBL/ GenBank/DDBJ databases. 

RL R.J.M. Wilson, National Institute for MEdical Research, Mill Hill, London 

RL NW7 1AA, UK 

XX 

RN [3] 

RA Gardner M. , Preiser P., Rangachari K. , Moore D., Feagin D . , 

RA Williamson D.H., Wilson R.J.; 

RT "Nine duplicated tRNA genes on the plastid-like DNA of the malaria parasite 

RT Plasmodium falciparum"; 

RL Gene 140:307-3 08(1994). 
XX 

FH Key Location/Qualifiers 



FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



tRNA 



source 



1. .5142 

/chromosome= n 35kb circular DNA" 
/ db_xr e f = " t axon : 5833 " 
/ organism= " Plasmodium falciparum 
/strain="BW (C10) " 
/ de v_s t age = " e ry t hr ocy t i c " 
/clone="HindIII (frag5) " 
complement (16 . .89) 
/gene="trnl" 

/product="transfer RNA-Ile" 



ti 
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FT rRNA complement (237 .. 1663 ) 

FT /gene="SSU rRNA" 

FT /product =" small subunit ribosomal RNA" 

FT tRNA complement (1710. .1780) 

FT /gene="trnA" 

FT /product =" transfer RNA- Ala" 

FT tRNA 1810.. 1881 

FT /gene="trnN" 

FT /product= "transfer RNA-Asn" 

FT tRNA complement (1891. . 1970) 

FT /gene="trnL" 

FT /product^" trans f er RNA- Leu" 

FT tRNA complement (1978. .2049) 

FT /gene="trnR" 

FT /product="transfer RNA-Arg" 

FT tRNA complement (2051. .2122) 

FT /gene="trnV" 

FT /product="transfer RNA-Val" 

FT tRNA 2142.. 2214 

FT /gene="trnR" 

FT /product ="transf er RNA-Arg" 

FT tRNA 2220.. 2293 

FT /gene="trnM" 

FT /product =" transfer RNA- Met " 

FT rRNA 2335.. 5030 

FT /gene="LSU rRNA" 

FT /product =" large subunit ribosomal RNA" 

FT tRNA 5045.. 5117 

FT /gene="trnT" 

FT /product="transf er RNA-Thr" 

XX 



SQ Sequence 5142 BP; 2078 A; 495 C; 561 G; 2007 T; 1 other; 



gatcctattt tttttatagg ttattttaga attgaactaa aattttaccc ttatcaagag 60 

tatgttttaa ccattaaact aaaaacctat aaattattaa aataatattt aactaaattt 120 

acattaatgt gtattaatat tatttttgtc tataaaattg ttaattatat ataaataaat 180 

ttattagttt tatatataaa tattatttta tttattatgt aaataaatca accaaaaatt 240 

tattttatta tccagccgca ccttccagta cggctacctt gttacgactt catctaaatt 300 

atataattat atattattat ttaacaataa tttttatata atatgatact ttttagatgt 360 

gacgggcggt gtgtacaaag cttaagaact tattcaccgc tataattctg attagcgatt 42 0 

actagtgatt ccatctttat ataaatgagt ttcaatttat aatctgaact ataaatatat 480 

tttaattatt atatttaaca tataataaaa tattgtaata ttttatgtaa cacgtgagca 540 

gcccaaaata taaggagcat aatgacttga cgtaatcttt attattattt attataaaaa 600 

ttttttttat aaaaggttac gttcgttata atactaaaat taacacttca cagcacgaac 660 

tgacgacagc catgcactac ctatatattt tattaaaata ttaatttctt aatattaaaa 720 

atattgttaa attttggtaa ggtttatcgt gttgcatcga attaagccac atgttccacc 780 

acttgtataa gctcccgtca attcctttga atttcattct tgcgaatata ctactcaggc 840 

ggaatattta tcacgttagt tattatattt ataaaatata aatataaaat attcatagtt 900 

tacagctaag actactaggg tatctaatcc tatttgctac cttagctttc gtttttaagt 960 

gtcagtaatt atatagtatt atgcttccgc ctttgatatt cttttttgta tcattgtatt 1020 

tcactacttc tcaaaaaatt cttaatactt ttataatact ctattatatt attatttatt 1080 

aatttatttt aaatttaatt taaatattta aacataaaat taatataaaa ccttaaaacg 1140 

ctttacgcct aataaaatga ataacgcttg cattttctgt attaccgctg ctgctggcac 1200 

agaaawtagc aaatactatt ttttattttt atcaatattt aaaaataaaa taaaaagttt 1260 

acaatatttt aataatactg tcttcctaaa agaaatatta ctttatcaag cttacactta 1320 

ttgtaaaata ttcctcactg ctgatttttt ataaaaattt aggctttatt tcaatcctaa 1380 

tgtgattgta cattctttca aaccaatttt tgataataac cttggtagtc ttttaaatta 1440 

ccaactagtt aatcaaatat aaattttatt ttaaataata ttaattttta atatagtaca 1500 

tatatttttg cgcttataga ttattattta ataaaattta taatctattt aaaattaaaa 1560 

atttatatat cctcacctat acactatgat attatcatta atttgcatgt gtaatgtata 1620 

tttctagcgt taattctgag ctaggatcaa actcgcaata taataaaata tatattttaa 1680 

atatataaat aacatatata gaaattatat ggaaataagt agaattgaac tactatcttt 1740 

attatgcaaa aataagattt taccattaaa ctatattccc aaatatatat ttatatataa 1800 

atataaatat tcttaatagc ttagtggtta aagcattcgg ctgttaaccg aaatacacta 1860 

gttcaattct agtttaagaa gtttaaataa atatgaataa agagatttga actcttatta 192 0 

taataactaa aatctaaatt tagtgcgttt acctatttcg ccatattcat atatatataa 1980 
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atctagtaag 
tatagatttt 
tttacctcta 
ataaaatata 
gcgaaataga 
ccgtttttcg 
aaatatatat 
tatatattaa 
attattataa 
gaattgaatc 
cgagcgaatt 
taatatataa 
tataataaaa 
tagtgaaaag 
attatattct 
aaatatattt 
atatattatt 
aataaaatta 
ttagtggtga 
tatagtattt 
taatattaat 
taaaggataa 
atattaatta 
aagcagttat 
ataatcgaaa 
gtaaaagagc 
tgataatgct 
ggtttcctat 
tgtaattgat 
taatattaat 
atatattcgt 
aatttttttt 
agttgaaaat 
aaaatgatgt 
ttaaattata 
ggtagcgaaa 
gctgtcttaa 
ttaggacaga 
aacatagtat 
aaataccatt 
tatttatgag 
gttatattta 
gagataaatg 
gataaaagtt 
ggtttggcac 
gtctgttcgc 
tccatatcta 
aaaaattata 
ataaaatttt 
atcatataaa 
atagtaatat 
atttgctaaa 
aaatctcacc 



// 



atttgaactt 
taagtaatat 
agttaattac 
taaatacgaa 
gcataaggaa 
cttataatta 
aataaattta 
cgaaattttt 
aagtatctga 
atcttagtac 
gaaaaaaaat 
ttttatataa 
gtttatagag 
aatctgaatt 
tgttgaagaa 
aaataatgaa 
tattatagac 
aattatagtt 
aatgccaatc 
atatataaat 
attaataatt 
gctttatttt 
agttttaaaa 
cttttaaaga 
ataaattaat 
gttttgataa 
aatttgagta 
ttataatttt 
agataataag 
aattttaata 
accgtaaact 
aaggaactcg 
aaaaaattta 
ataaagattg 
atatatatat 
ttccttgtcg 
aaaaaatctt 
aagaccctat 
aaatgggaaa 
ttatttatat 
atagtttgac 
ttatataaag 
tcggtcttaa 
actctaggga 
ctcgatgtcg 
ctattaaagc 
atataagtgt 
ccaatgatat 
aattgttgaa 
tgaataaaac 
atttagtgta 
gtagcttaat 
attagctttt 



acatataaaa 
tggattcgaa 
tttaaatttt 
ttataaaata 
agttcgtcgg 
tataaattta 
aaaggatgtc 
ataataatta 
taaaatattt 
ttaaaggaat 
aaacatttaa 
ataatataaa 
aaaagtaccg 
ttaatttaaa 
agaattagca 
gccaaagtta 
ccgaaatcaa 
tgaattgatt 
gaatttgaag 
aaatgtaaaa 
taataatttt 
caaaagggaa 
agaatataaa 
gtgcgtaaaa 
tatcgatatt 
aatattattt 
atgtaaatat 
ttttaatagg 
ttaatattct 
ttatttatat 
gacactagta 
gcaatttaat 
agcgactgtt 
acatctgccc 
aagctatagt 
ggtaagttcc 
aatgaaataa 
gaagctttac 
caataatatt 
ataaattctt 
tggggcggtc 
atataatata 
tgatccgata 
taacaggcta 
gcttatcgca 
gatacgtgag 
tagaatattg 
atcaattata 
gtaatataaa 
aataattaga 
taattcctaa 
tggtaaagca 
attattttta 



cttagaaggt 
ccaatggtct 
atatttataa 
aaagttcaat 
attcatgctc 
tttattataa 
tataattttt 
ataaaaatat 
ttatataaat 
aaaaagtaat 
aaaaatatgt 
aaataataag 
tgaggaaaga 
taaattataa 
agttataata 
aatcgaattt 
atgatctaat 
actgttgcaa 
atagctggtt 
ctcttttttt 
atttaataaa 
acagccctaa 
attatattaa 
gctcattaat 
ataaaattta 
atatgtaaat 
tggtaaaaat 
gttagtcgaa 
tatactatat 
tatataaaaa 
aatatatata 
cttgtaactt 
taacaaaaac 
agtgctatta 
aaacggcggc 
gacctgcatg 
aattatctgt 
tattaataaa 
attttcttgg 
atagaaattt 
tcctcctata 
taattaactg 
attatttagt 
atcttttccg 
tcctaaagca 
ctgggttcag 
aaattatttt. 
aaattttttt 
taagaaaatt 
aaaattattt 
taagttgaat 
actgatttgt 
tatataatta 



ttttatttta 
tctgtatgta 
ataaacttgt 
tcttttcaag 
cgaaggtaat 
tttaaattaa 
attaaataag 
atttatattt 
attttattta 
aacgattttc 
aaaattttaa 
aattacctta 
tgaaaagaat 
taaaatttaa 
aatagtataa 
atttttttaa 
tatatttaaa 
aagtatcaaa 
ctctttgaaa 
attagattaa 
atatatatat 
ttataaatta 
taattaaaaa 
ttaataattt 
atattagtac 
taaaataata 
ccaatacttc 
tcttaaaatg 
tataatttat 
ttattaatat 
tattattaag 
agggataaaa 
acaaatcttt 
tgttaaaata 
tgtatctata 
aaagatgtaa 
gaagatacag 
taatgaaaat 
aaataattta 
tataacaaat 
tataaacgga 
taaaatttac 
aataaaatta 
agagtccata 
gtagtatgtt 
aacgtcgtga 
ttttagtacg 
gtaaagttga 
tagttaaaaa 
tataggatta 
atttaattat 
aatcagtaga 
tt 



tccattaaat 
aagcagaaac 
aatttaatgg 
tttattttta 
cggttcaatt 
atatataatt 
aaagacgtta 
attaataaat 
aaaacttaag 
atagtagcgg 
taaagtaata 
taaaattaaa 
tttgaaaaaa 
ttttaatttt 
taattaggtt 
taaatttaaa 
ataaaattta 
taaaatataa 
tatatgtaag 
tttaaataat 
tattagaaaa 
agatttttaa 
gtaaatttag 
tagttcaaaa 
aattaaattg 
aaatcaaaag 
tataatttaa 
agatgaaacg 
attttaagac 
atttattata 
aagttaagat 
gatacttttt 
gctaaattga 
atatatgtaa 
acggtccaaa 
cgacttaaat 
atttcttata 
atatatattt 
gttaaaaatg 
ttttaaacaa 
ggagtacaat 
aaattaaaca 
tcgcttaacg 
ttgacgaaaa 
ttaagggtaa 
gacagttcgg 
agaggatcaa 
gtagttaagt 
taatattcta 
gtatgtattt 
ttattgttat 
ttatgagttc 



2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4620 
4680 
4740 
4800 
4860 
4920 
4980 
5040 
5100 
5142 
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Generic DB Entry Retrieval 



ID 
XX 
AC 
XX 

sv 

XX 
DT 
DT 
XX 
DE 
XX 
KW 
KW 
KW 
XX 
OS 
OC 
XX 
RN 
RA 
RA 
RT 
RT 
RL 
XX 
RN 
RP 
RA 
RT 
RL 
RL 
RL 
XX 
DR 
DR 
DR 
DR 
DR 
DR 
DR 
XX 
CC 
CC 
XX 
FH 
FH 



PFCOMPIRA standard; DNA; INV; 15421 BP. 

X95275; 

X95275 . 1 

29-JAN-1996 (Rel - 46, Created) 

14-FEB-1997 (Rel. 50, Last updated, Version 24) 

P . falciparum complete gene map of plastid-like DNA (IR-A) 

LSU rRNA gene; ORF 101; ORF47 0; ORF51; rpoB gene; rpoC gene; rpoD gene; 
rps2 gene; SSU rRNA gene; tRNA-Ala; tRNA-Arg; tRNA-Asn; tRNA-Ile; tRNA-Leu; 
tRNA-Met ; tRNA-Val . 

Plasmodium falciparum (malaria parasite P. falciparum) 
Eukaryota; Alveolata; Apicomplexa; Haemosporida ; Plasmodium. 

[1] 

Wilson R.J.M., Denny P.W., Preiser P.R., Rangachari K. , Roberts K. , Roy A., 

Whyte A., Strath M. , Moore D.J., Moore P.W., Williamson D.H.; 

"Complete gene map of the plastid-like DNA of the malaria parasite 

Plasmodium falciparum"; 

J. Mol. Biol. 261:155-172(1996). 

[2] 

1-15421 

Wilson R. J.M. ; 

Submitted (23- JAN-1996) to the EMBL/ GenBank/DDB J databases. 

R.J.M. Wilson, National Institute for Medical Research, Mill Hill, London 

NW7 1AA, UK 

SPTREMBL; Q25799 ; Q25799. 
SPTREMBL; Q25800 ; Q25800. 
SPTREMBL; Q25801 ; Q25801. 
SPTREMBL; Q25802 ; Q25802. 
SPTREMBL; Q25803 ; Q25803. 
SWISS -PROT; P21421; RPOB_PLAFA. 
SWISS -PROT; P21422; RPOC_PLAFA. 

Related sequences X52177, X57167, X61660, X74308, X75544, and 
X75545 

Key Location/Qualifiers 
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FT source 1.. 15421 

FT /db xref="taxon: 5833 " 

FT /note="IR-A half of 35kb circle, putative Plastid DNA" 

FT /organisms" Plasmodium falciparum" 

FT /strain="C10" 

FT /dev_stage= "erythrocytic" 

FT tRNA complement ( 17 . . 74 ) 

FT /gene= " tRNA- He" 

FT /product=" transfer RNA-Ile" 

FT rRNA complement (236 .. 1662 ) 

FT /gene="SSU rRNA" 

FT /product= "small subunit ribosomal RNA" 

FT tRNA complement (1709. .1779) 

FT /gene= " tRNA- Ala « 

FT /product="transfer RNA- Ala" 

FT tRNA 1809. .1871 

FT /gene="tRNA-Asn" 

FT /product="transf er RNA-Asn" 

FT tRNA complement (1891. .1969) 

FT / gene = " tRNA- Leu » 

FT /product= "transfer RNA- Leu" 

FT tRNA complement (1977 . .2048) 

FT /gene="tRNA-Arg' " 

FT /product="transfer RNA-Arg ' " 

FT tRNA complement (2050 . .2121) 

FT /gene="tRNA-Val" 

FT /product="transfer RNA-Val " 

FT tRNA 2142.. 2213 

FT /gene= " tRNA- Arg " 

FT /product= "transfer RNA-Arg" 

FT tRNA 2219.. 2292 

FT /gene= » tRNA- Met " 

FT /product="transfer RNA- Met " 

FT rRNA 2335. .5116 

FT /gene="LSU rRNA" 

FT /products "large subunit ribosomal RNA" 

FT CDS 5142.. 6554 

FT / db xref = " SPTREMBL : Q2 5 7 9 9 " 

FT /note= "red algal chloroplast" 

FT /gene= "ORF4 70" 

FT /protein id=" CAA64569 . 1 " 

FT /translations "MIKLKNFLNIYNLNYKYQYKNKINLYLIRQGLNINLIKNLSSNIF 

FT LYMFIYNFKKYSLKLLNIFKLPDWNFFDCPNINYDNIIYYSSILKDNNLIYYLKNNLNI 
FT EFLDS ILIKNNS IDI IFDSMSILHTTQYFLKKLGI IFLPLFDI IFKYPLLIKKYLGTI I 

FT SYKDNFFANINSIIFSEGSFCYIPKYVKCNFNLSTYFKTNSSDFAQFERTLIIVGKYSY 
FT VS YLEGCTAS L YKES QLHVA I VE 1 1 VKD YG Y I KY YTLQNW YRGD YLGNGGL YNFTTKRG 

FT ICLNYSKLDWIQVEVGSIITWKYPSTILKGKFSISNFYSISFISNMQIADTGSKMYHIG 
FT S YTKS Y 1 1 S KS I S LNNS LNI FRGL VY I KPFS YKS YN YTE CS S L I FGNNS LTVT I P Y I KN 

FT YNNTSYVKQEAFVSKIEIIYLFLLMQRGLSISESISLLIIGFCSDIYNKLPFEFNLEIP 
FT ILFSLKIKDIFN" 

FT CDS 6561.. 6716 

FT / db_xr e f = " S PTREMBL : Q25800 " 

FT /genes "ORF51" 

FT /protein_id= " CAA64570 . 1 " 

FT /translation^ "MKYNKNVINTNFLYINKYKKLLKYKKNKNXIYILYKKYILILKKL 

FT IYLNII" 

FT CDS 6725 . . 7030 

FT / db_xre f = " S PTREMBL : Q25801 " 

FT /genes»ORF101" 

FT /protein ids " CAA64 5 71.1 " 

FT /translations "MIKINIIKKYYYKKYKNFFQKKIIINKKFILNKNLIIKLNFYEYI 

FT K3STKLQIFNFKGILLNNKNNNYIILLKFNNNDIIYLYFNLNTFNLINIFKIGKFNIN" 

FT CDS 7031 . . 10105 

FT /db_xref = " SWISS - PROT : P21421 " 

FT /gene= "rpoB" 
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r i 




/-y.-.f-.; - i ^-KPAACACT) 1 ft 
/piTOt.ein 1Q= LAAO^t j f Z . x. 


FT 

r x 




/fvsncl a t--{ r\T\ — II MTVTTTTvTDTT WTTNTNTVT T CTvTT VT T T THT?T T VNTT "D VVTT T7T WNTNT T "NTt TV 
1 LlanS laLlOn= l v llli VIN ir X Jj V r\XNiN X J. X biNXj X Xji-iXiX^XliX J. XINXjKX X XXjr XjJNiMINl XIn V J\. 


£ X 




FMFT VVTTT T TT.T.TMTMTKTQ TnTTOWTtJTJT.T.'K" T TT.TT.TfT.TJFTTXTTWTf T TTf FTtfTT.T FTT DTTT 
r lMr J. 1 1 l\± x xjjXj XiN XiN xino ±xj x xyiN xiNjrJXjXjjxx. xxj x XjJvxjiNr XiN xiNivx xrvr in xxjxr xxj.fr x 


r X 




VNTNTT T TT "NTfT WTPTHT T? VTTNTNTIf T TT T T VT? VTvTNTKT "kHVT T T VWT VT CT PT D T T UVT C VT \TTFi 

I In JNJ X X XxjXnLjXjI J\l UXyXir jxi>JNiNivXr X X ivr l\NNbi rvINX X x V x X x XbXjvjljKX Xr rvXbJsJjiN XD 


FT 
r X 




r'V'F'MTvT'FVTrMTrT TT T T VT KTNTT VTTaTTTNTT CT T?T VKTKTT TM WTT T VMVT VT? T VC VVltfTJT'NTNTT T 
Llf INiNr JXr JNr XjXXjXjXj I XjiNiN X I XiNAiN XoXjr X XiNiN X X1N JVIVXXjX XiN X Xrvr X 1 O rvX iNiN XiNiN X X 


FT 
r x 




oXjxsXir X XxVuiNrvr iNiN X X XINXjXjIN Xlif o X rvuiN foil bur X XiNiN X X IN l\±\r X o X X XJXN XjXj X Ivolv JN. 


FT 

C X 




YT . K T F K" YDT <T .N T MRM T YNN T TT J . T .NNTCIC Y T M T T T .FTJ T T^JTNPT.VOYCinOVKrNT.cjFTTJnKF 

X XJ rvX J7 1\. X V^XJXJXN X IN XVXN X X IN IN J. X XJXJ U1N IN IviY X X IN X, X XjXIiIN X IN X IN IT XJ V \g X V XN XN XJ O Ej X IN Vj; IVf 


FT 




T/CTNMTTTnT.N c KFTT.NNnT.FFT.PFNTT.PYTCT,TNT^ 

I\. X IN 1 T 1 X X X OU1N O XV P X U1N IN U XJl\.iZi XJ Jr JTvLN X XJVJJ llOLlllM llMEiVjUlLuDVlM 1U1 X1NXJT XJlN XJ I\ X XJ C 


FT 
r x 




\7 T V VTTW T F VNTP VMF'KT .T .T .MT FTJTTNTF VM T Q FTvTTVT T VT VTTNTT'NTF'KrV'TTTT.TTTJTrNrTFTf TPTJT 

v x x x rsjrix r x in rex in r x\xjXjXjxn x r lNxsxNr xin xor inxn x x Xjxvpjn xiNriNJ\.x xxxjI xinxsxn x r xvx v-in x 


FT 
r x 




TriMT T VT DFTvTVT T CT?TT7UT T DF TtTVUTlC TTPTJT MCTTfMUTnTVDTTVDMT QTaTT TT'TJVTvT'FT 
X vlN XXXXirrlNX XjXj or XrjlNXjX r r XXIXINXJO XKXNXjrlo Xru v lXl lylvrlli jrlNXjoXN X X XXN XXNr X 


FT 
r x 




T.MKYT .MWT.TTQYOFrJTVTYV/^r'TK'T T TRDTiFT^TPnT T VYT.TThTYTf KTWnTJTT.TiT YKPTVWV 

XJlNiXX XjINXIXjX XO X \£Ej\J X v X X VuL X X. K.XJUr IN xv^ X XXX XjXNIN X XV rv X IN V^lN XXjXjX X JTVir X v r » V 


FT 1 

r 1 




r* T? 7T.T T nr\TT 7\TMCMT T "KTCPVCT r'KTMT T VfVfCVT PVT?VT7Ti A T T T CD 7TT VNTNTT VPCT.TJ 
orjJXviN X by XXjH. XiN DIN XjXjIN o£j X oXjoININXjXj vu X oo XXjox Hj X£iXJ/\X XXoKr\.XXjXlNlNXjX X oXjXI 


FT 
r x 




titt VFTCT/NTT TMMTDT^TrQ TMT.Q'K'MYYTrNJT'K'WT.riPfVnT TT^FrtTVTT.Zi'NTKTTT.T QTTT .MFMP 
XJlN X X Xj X OXJlN X XIN IN X IT Hi X^O X IN XJ O I\i v l X X INXN X XVllXjiJlV X \J X XIvCjO XXX XjMXNXN XlJ X OlVXJl T ir VIST 


FT 
r x 




FTFTvTMTrQT.TXrT TMFT.FnQKT.P TFPTNrTfPT TQTTWDTm?VTlf TFTT.DMWT.V'NT'K'TFTrNTNTT YT. 
r x r in in ivo xj x in x xin r xj r \j o i\.xj fl x r rsxN xvir x xo x ihuiua v x r\.x r_i xxjiriNXixj xxmivx xjInxnim x x xj 


FT 
r x 




itdd TVTr!TnTfVT.nT.r^nT^Tr i \TPMriWT^nT TQVT QFTMTlTPVT ."NTNT'K'TnPriTFTQZi T Q.TPQ.F T 
I\.r S\ X X luiyivl Xj^XjoXJIyX v_1N XV 11 Oil IN. vj X XOX lOCillMJJlr I XJlN in l\. x y -t xv x r X OnlO IrOXvl 


FT 1 

r 1 




TvTTr , ^TT?T?r , T VP T "NT C T VT MTD V T T CNTNTT \TTTNT V V^TNTVNTTJ T T7MVVVVM VNThTNT T? M T "NT C V"M C VTJ 
JN IbyXr JiLjX X LjXjIN o Xj X XjIN IKi X XoiNlNXjXNrJ.N X XlNlN XiNrlXr IN X X I\,XiN XiNiNXNr JNXiNorU v lo XXN 


r 1 




VKTVVVT V~\T Ti T? r Pr^\TM T "NTKT O T P T TvTKTTVVWT TUMTVnVfDVDPTPT VODT fP^nTVPMWn 

xJNJJxx XijJNxNPr ICjlNliyiXlNXNb XCijiNiN lii x JSJjXJlMXJ^Jvr KxKr XLjXjx brixj iyyPXJ\(jx\l x)s\} 


FT 
r x 




nfiOP FnFMF\7WaT.FaFf5aQYT.FK"FFFTYK c nnTK'^PT<'TT,TrMYT,FTJMVKTKT^ 

uuyi\r \jHiriiZi v vMtxxjCtnr vjm.o x ur rvxii r r x x xvoi/jj x xvoxvxvxxjxnxn i j_i r in in i rvx xvxj x r lod x r rv 


FT 
r x 




T.TT.TTFT.riGT.a T\TTFaF^ , TF^T^T^T^TT.T.F'^TT.PT'N^T T V " 
XJ X XJ IV Lj Xj y D XjM. X IN X Jlrtf V- X C IN \J X IN IN XjXj ILXN XJ Jr X IN X X X 


FT 
r x 


pnc 


i m nfl i i otc 

XUXUO. . llOOJ 


FT 
r x 




/ U.JJ Ale X— onloo irrCU X I rZlIZZ 


FT 




/ n piT\ — •' rnnP " 
/ ^ciic — x ljvjv- 


FT 
r x 




/LJXVJL.CX11 X Li. — V-ririO r± D / J * X 


FT 1 

r x 




/franel nn — » MT TT-TNTNTT'NTFTr'T TTT "NTTT "NTT-)VOT TTTTAIC C T "FVTrNTVT T Tr*T?\7J T DhTTT 
/ LXanS XaLXOIl- 1 V 1X XiTiNlN XINr XvjXjxvXjIN XXjIN irJ\\2± X IS. Woo If I JSJNivX X Iod VXjX xrlN X X 


FT 
r x 




TtfFTtfTnTiPTT.NnT.FPFKTFFlYMVKTAJN TMTTJPKY 
in r in x\jxj±t xxjXNoxjr L^rirvxr xj x vi x rvwiN v-in v_in rvi\i T i x in xin in r or r xj x v^rvr v^ i\xn x\.xj x xin x in rv xv x 


FT 1 
r X 




JCT PFT'CT "NTTTjTT UT TjJVT TPDT TT\7ACT T T MTTNTWFVT VT?T T VVTfVT7T?Cl\TT VVT< r ^VT?WNTTrT 

ivXior xr Xjxn x c xxjrixjw x xj XoirXiJ\vi^oXjXtXjiNi\XN v r x xji\r XjXx Xj^.XrrorJXi\.x ivy iri X IN rUj 


FT 

JT X 




F Q. K T"NTT ■ V K \C V VTTNT T T Ci YT . F Q. "PTJ T T . YTTK" T ■ HKI T "NTT .T ,TF T . T .TvTNTPrFT.T.T.TTvTMTfVVTa''K'TrVT.VTrTr 
r o rv x in xj x rvivrvx ivin iiyi xjr onxvi xui rvxvxj v^in xinxjxj x ~» 1 11 ■ im <n r\ & Li lj u i in in i\ t x in rvxv ± xj x rvrv 


FT 
r x 




TMT.FTJT.FTT ATTJTTTPMWTFT.nT.T.PTT.PZinT.PPVFVTMMQTYT TQTTMFMVPT.T T T .TTNTNTTf T . 
XINXjr XN Xjr X XiXNIN X XVXr IN W X r XjXyXjXjlr XXJ±rnOXjrv±r X r X XIN IN O X X X X O X X IN Hi IN X XV Xj X X XjxNXNIN XVXj 


T7T 

r x 




JVX WXj X XjKXnIN X r r X r rJ X XiljravXjXjys^XiXX^ X XjXj XiN JNXjXXjjSJnJnIn Xr riNr oXN-ir yvjlxX o X XJN.X is. 


r x 




T T PVDTTTiycPD C^rTTTTTvTDC T T VNTNTTPT DVVTCTMT VVDTPJ TivTTT ITVNTC \TJ TVTT T "ClfC T T T 

XjXjvjJ\K ViJr ooKo v X 1 ViNlrbX X XlNlN X(aXiFx x XbXiNXjr JVirr XjXJM XXjJ\xiNb JSJ_i1n X Xr x\b XjIjX 


r x 




"M"tTNTT T?TTPiTfTTT MDT T ATvTAT? T T T\TD Ts. TDTT XJ"DN/TNTT P*CT?VDT T TDPVCT VTTVTDT PPTC TTTJ A "H 

xNiSXNijr X xyAr XjIyKXjXjyiNyr XXXJNKAFXXjrtKlYlJNXjybr xvirijXj X Hiox bXjJ\r xFXivjL, XbriNAXJ 


r X 




PriPHPiMOTTTT DT T VT 1 OVDDOMT "NTT "NT LT\ V~KT T T CD CKTNTT^NTT DCKTT PkVWT PTMT>T T TT "KTVKT 

r UvjUyMbXr ijFijXJxlbrvr nbiNXNljiNr X XbFbiNlNisJNXjr biNijy X X IU-iLiXIn IXjXjXXjxM xIn 


FT 




NFT.MTFYFN^TFKTYFYYTJTvTKTTT.FTFNT .VWTKYTTvJNNTJTFYTT.TC; TNP TT TWT.VMVTY" 
in jziXjin xr xriNoxri rv x iiji i in in in xxir xriNXjvvvxivx xin in in in xr l x xj x o x in xv x x xin xj x i*i x xx 


FT 

r X 


pnc 


JvJXIlV-LJ-O"" • • XJ*±XO / 1 JIIO > • X*t 1 Z*0 } 


FT 
r x 




1 r\V\ vrof- " CDTDPMBT. • C\0 R ft HO •■ 
/ UJJ AicL- olr X jTvllrioXj . D 0 UZ 


FT 




/ nnh ^ — " *F t*^5 mp a Vi "i ■Ft"" 

/ ilULC — LlalllCollll L, 


FT 




/ (TO T"l A — 'I r*T*M*^n 
/ y C11C — X ^JKJXJ 


FT 
r x 




/ r\-r-r>,T- oi n -J H — "PZi IS. & A C 1 A 1 H 

/ procexn id- LAAoftD /*t . x 


FT 




/I-t-atiqI ar"l on— •'MYFYFFMTfYTsTT.TrTT.FT^PrT.T.TTFT^YMTQF'iV'TT.'H'FT.T.VT.riYFVQFT.V 
/ u x. ctiio xctL xuii — ii x r x r r xn rv x in xj rv x x_i n xvxvxj x_i x xr xvxiNxor xvx xinriXJXj x xjo i j-ii or jj i 


FT 




NY S LN T KD F S NF T YT.L T T , YKNK T NN T YNTJKY YF T KNNY T T\TVFT.NNYYYTiKVTTJKTnnTT. 

lllu UXV X 1VL> X ul\IX XX XJXJ X XJ X XVXM XVX1MXN X X XNIN XV I I U X JVX\J1N X XXN V X7 XJXNIN XXX XJ XV V XXN XV X SeVJ X XJ 


FT 
r i 




KTKTKTT.YMTf TMDT VQMT.FT.FT?MMTf TTf TTTVCHT C\C\T TPVTfPVTCMT ypwiT V^7V'D\7T'^T^TVT\^TI , 
XNInxNXj XlNJ\.XlNJr X X OlNXjr Xjr r IN1NXVX J\X JXX ^yiiVyXiXu X J\.VjX XoxnXxvVj1 v 1X Xrjl\.ir V XlNlN X XiN Hi 


FT 




T.NTYFYTTi C PYfl c KKnT TnTATiKTAlj^nYT.TKPT.TNTTCMFT TK'FT.NPTCCp'FTTiK'YTT.N 
xjxn x x x_i x xxjov^x vj o xvxvo x xxv irujiMnJJOu x xj x rvxvxj x vi x x oiN r xx xvCjXjxn v-xvo tr r X XJXV x xxjxn 


FT 
r x 




MTlT VniVTT TT.TJT.'NJTT DPIfTT HMWTT "NTT "NTNTr^T'TT' T VTITNTTVITW T T "NTTiTT T "NTT VNTDDTJTVT 1\T 
i v iU X X VaiN X X XjirXjiN X XjXvr i\X Xj^iNiN X XjiN XjXNxN ulf XX X xvXN X X X X xv X X Xjxn xvXjXjIN Xj X in KKiN X X XjiN 


FT 
r x 




T V Q\7VT r*\TT VNTNTT r , 'NT r Pr , T WWHT VVVNTT PP.UTPUT QCUAT C IT OCT l P\M\7'T DTTTURCOTT V 

Xi\b V x XiL-iN X x iNiN XL-iN XL-XjIn X JxyXi x ixx In Xjvj^ rl X Lj V XbbrjAXbiijrb iyiYl VijKl r rXA.bbXiji\ 


FT 
r x 




TTiV'P'NT'P'NT'K'VT.T VTTT VT VTTT XTTTvTTTT "CTTT T TlSTTTf VVTMT VCNTT TTT MTsTTTTT VNTVNTNTTT TTT7W 
XJi\r iNr iNx\X XjX I i\X XXjX J\Jj1N XiNlvX r iNxjXXXNr rvivx XiN Xxvr iNXiXr XjriiNrv.XXj XXN XiNiNXijrriXrv 


FT 




YTT.nNOYTT^PNFT YNQTQTrbJFTfYMT.MTsTT T TTTVT ATT^n/TTfVVWVQMTnT.T.TTrNTTP'TJTrWTT.V 
x x u V" v x x rvv-iN r x x in o x o xvxn r xv x in xjxn in x x x rv x xjin invxivx xxnxoinx^xjxjx xvxn x xiin rvw x Xj x 


FT 

£ X 




TJ T VT YYT , YV VW T Tf T? VNTT . VKWH, T T T . "NTMMTvTNT V V "Ml 7 T V T? T . T MV 'PTvTT.FC'TJVVV'K'T VTvTNTATVNT TT T 
IN XX XX XXjX XXxlX I\.r X IN Xj X iN IVVJ X X XjiN iNiN INiN i\.XXNvXXrXjXiNXriNXjr OiN X X X IvX X iNiNiN X iN r X 


FT 




NQNVVFTfTfMMFTT.TOJFT^JTJTnTT.MTfT.FVA71\TMTT?TVV^ TKTNTT T TTfTTVT TSTTT 

in oiN x x r JN.r\x v iiN r x xjisxn r xnin x y x XjiN xvxjr x v iNiN x r ii x i\ x r» rvivLir x x XjiN x XiNiN x x x i\rv x Xjin r 


FT 




YKYTYNKT.FFTKKYNNFT.YTiYFTFTCYNWVTrVT.T.T.NNK'YNT .YT T VNTMYTTCYT.VK'VNTNTN 
x rv x x x xm rvxj r r x rvrv xiNiNrxjxxjxrjxrrvxiNVVxrvx XjxjXjIN xn xv x in xj x xx xxnin x xrvxxjxrvxiNXXNXiN 


FT 




T . YF T TTMT . F YTvTTJNNF T "RNTT T T VTCNTNT V V T VKT^T^TM^TT.V^V?JT^^TTT,T^^ 

xj x r x xvxn xj r x iniminin r x xxxn n x x x xvxn in x x x x xNiniN i v xln Xj x y x in xvxn x xj xinxnin xjxj x xn rvxjr x xn x XiNiN 


FT 
r x 




TJT VNTT VT 'NTnT'TTPT PC TTvTT TT?T? - NTTTNTTirn'NTT'C , TrT CNTNTT \T\7T T?VT VVVNTVT "NTNTT TVTVXTTP 

xn x xxnxj x XjxNXJX x XoXiyb XiN x Xr rjiN inxn x ruJiN X r r X biNiN XxVXr x XrvX Xin X XjiNiN XXxXiJNiL 


T7T 

r x 




TvTTy r V"NT T"KTIJ"W"V VT MDVOVTDDT\TOOTT VC/^VOT LITiPfVP TM1TKTT WVUDDT T VPTHTTVAH 

JnJ\x Jn XIMrlx i\x JvXjJNr x b x Xr riiXJXbbxijx bCjx bJ-irixrir x bliNr^XjJxx x r Kr XjXj Kb XIn 1 XQA 


FT 
r x 




TTfCCVTV\7Y'NTTT TFCTT IfPlVC VPTvTT VT DCTVT7T?T T T VVMT C C T VT T CNTNTTT VT T7VVNTTI T T 
Xivoo X X X V XiN X JjXiib XXirvy X o X yiN X XXiirbX x r CiXjX XrvJSjrlXjbUXrvX X biNiN r i\Xr rvxiNlJXX 


FT 




CT.PT.TNT TNYQT.MT.TJTTRYT VPTVFPT TT HTTTfCTT AKTCPFT.TTvTT QFPWTFTTT T QT,"NTTT 1TNT 
o xj Vj/xj x xn x x in x o xjin xjin rvxx ixirviorXlXiuli rvo X Xjjhxn O or Xj X IN X o r ^in ir Alio XjiN X XjiN iN 


FT 




TTTTHaJT TFlTTfClTT TT TTiT T D\7PT\TPTaTVD VT ~\7\l H 
iVXiJWXjXXJXivorvX XXj X XJXjXjJt V vxiNvjW iKx Xj ViN 


FT 

r x 


v^uo 


X*±/jO. .XDrkzX 


FT 




/Hh vvpf - " QPTPFMPT. • HO C ft n 7 » 
/ VXXJ AICJ.- Or 1 Ivxl 1*1 XjXj . JOU j 


FT 
r x 




/ yene- rpsz 


FT 
r x 




/pxOL.eXil 1U= 3 / j . i 


FT 




/ translation^ "MFITFDNLLKSKIYIGNIYKNIYFDNYKYIYKIKFNYCILNFTFI 


r T 




AL YL YKL YL Y I YN I S LMNNKI L F INNNNL I KNFT I KI CNLTNNL YI NKWVS GLLTNWF V 


FT 




LKKKIIIYIWISKIIKNKYFNNILSKKCIYNLNIIYIKLYNKFNGIKNMINLPKYIFLT 


FT 




NFNKNLILKEILKLKJjILISFINLSLDSSNINIKILGNYt^ 


FT 
XX 




KIKNM" 
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SQ Sequence 15421 BP; 6808 A; 966 C; 1208 G; 6439 T; 0 other; 

gatcctattt tttttatagg ttattttaga attgaactaa aattttaccc ttatcaagag 60 

tatgttttaa ccattaaact aaaaacctat aaattattaa aataatattt aactaaattt 120 

acattaatgt gtattaatat tatttttgtc tataaaattg ttaattatat ataaataaat 180 

ttattagttt tatatataaa tattatttta tttattatgt aaataaatca accaaaaatt 240 

tattttatta tccagccgca ccttccagta cggctacctt gttacgactt catctaaatt 300 

atataattat atattattat ttaacaataa tttttatata atatgatact ttttagatgt 360 

gacgggcggt gtgtacaaag cttaagaact tattcaccgc tataattctg attagcgatt 42 0 

actagtgatt ccatctttat ataaatgagt ttcaatttat aatctgaact ataaatatat 480 

tttaattatt atatttaaca tataataaaa tattgtaata ttttatgtaa cacgtgagca 540 

gcccaaaata taaggagcat aatgacttga cgtaatcttt attattattt attataaaaa 600 

ttttttttat aaaaggttac gttcgttata atactaaaat taacacttca cagcacgaac 660 

tgacgacagc catgcactac ctatatattt tattaaaata ttaatttctt aatattaaaa 720 

atattgttaa attttggtaa ggtttatcgt gttgcatcga attaagccac atgttccacc 780 

acttgtataa gctcccgtca attcctttga atttcattct tgcgaatata ctactcaggc 840 

ggaatattta tcacgttagt tattatattt ataaaatata aatataaaat attcatagtt 900 

tacagctaag actactaggg tatctaatcc tatttgctac cttagctttc gtttttaagt 960 

gtcagtaatt atatagtatt atgcttccgc ctttgatatt cttttttgta tcattgtatt 1020 

tcactacttc tcaaaaaatt cttaatactt ttataatact ctattatatt attatttatt 1080 

aatttatttt aaatttaatt taaatattta aacataaaat taatataaaa ccttaaaacg 1140 

ctttacgcct aataaaatga ataacgcttg cattttctgt attaccgctg ctgctggcac 1200 

agaaatagca aatactattt tttattttta tcaatattta aaaataaaat aaaaagttta 1260 

caatatttta ataatactgt cttcctaaaa gaaatattac tttatcaagc ttacacttat 1320 

tgtaaaatat tcctcactgc tgatttttta taaaaattta ggctttattt caatcctaat 1380 

gtgattgtac attctttcaa accaattttt gataataacc ttggtagtct tttaaattac 1440 

caactagtta atcaaatata aattttattt taaataatat taatttttaa tatagtacat 1500 

atatttttgc gcttatagat tattatttaa taaaatttat aatctattta aaattaaaaa 1560 

tttatatatc ctcacctata cactatgata ttatcattaa tttgcatgtg taatgtatat 1620 

ttctagcgtt aattctgagc taggatcaaa ctcgcaatat aataaaatat atattttaaa 1680 

tatataaata acatatatag aaattatatg gaaataagta gaattgaact actatcttta 1740 

ttatgcaaaa ataagatttt accattaaac tatattccca aatatatatt tatatataaa 1800 

tataaatatt cttaatagct tagtggttaa agcattcggc tgttaaccga aatacactag 1860 

ttcaattcta gtttaagaag tttaaataaa tatgaataaa gagatttgaa ctcttattat 1920 

aataactaaa atctaaattt agtgcgttta cctatttcgc catattcata tatatataaa 1980 

tctagtaaga tttgaactta catataaaac ttagaaggtt tttattttat ccattaaatt 2040 

atagattttt aagtaatatt ggattcgaac caatggtctt ctgtatgtaa agcagaaact 2100 

ttacctctaa gttaattact ttaaatttta tatttataaa taaacttgta atttaatgga 2160 

taaaatatat aaatacgaat tataaaataa aagttcaatt cttttcaagt ttatttttag 2220 

cgaaatagag cataaggaaa gttcgtcgga ttcatgctcc gaaggtaatc ggttcaattc 2280 

cgtttttcgc ttataattat ataaatttat ttattataat ttaaattaaa tatataatta 2340 

aatatatata ataaatttaa aaggatgtct ataattttta ttaaataaga aagacgttat 2400 

atatattaac gaaattttta taataattaa taaaaatata tttatattta ttaataaata 2460 

ttattataaa agtatctgat aaaatatttt tatataaata ttttatttaa aaacttaagg 2520 

aattgaatca tcttagtact taaaggaata aaaagtaata acgattttca tagtagcggc 2580 

gagcgaattg aaaaaaaata aacatttaaa aaaatatgta aaattttaat aaagtaatat 2640 

aatatataat tttatataaa taatataaaa aataataaga attaccttat aaaattaaat 2700 

ataataaaag tttatagaga aaagtaccgt gaggaaagat gaaaagaatt ttgaaaaaat 2760 

agtgaaaaga atctgaattt taatttaaat aaattataat aaaatttaat tttaatttta 2820 

ttatattctt gttgaagaaa gaattagcaa gttataataa atagtataat aattaggtta 2880 

aatatattta aataatgaag ccaaagttaa atcgaattta tttttttaat aaatttaaaa 2940 

tatattattt attatagacc cgaaatcaaa tgatctaatt atatttaaaa taaaatttaa 3000 

ataaaattaa attatagttt gaattgatta ctgttgcaaa agtatcaaat aaaatataat 3 060 

tagtggtgaa atgccaatcg aatttgaaga tagctggttc tctttgaaat atatgtaagt 3120 

atagtattta tatataaata aatgtaaaac tcttttttta ttagattaat ttaaataatt 3180 

aatattaata ttaataattt aataatttta tttaataaaa tatatatatt attagaaaat 3240 

aaaggataag ctttattttc aaaagggaaa cagccctaat tataaattaa gatttttaaa 3300 

tattaattaa gttttaaaaa gaatataaaa ttatattaat aattaaaaag taaatttaga 3360 

agcagttatc ttttaaagag tgcgtaaaag ctcattaatt taataatttt agttcaaaaa 3420 

taatcgaaaa taaattaatt atcgatatta taaaatttaa tattagtaca attaaattgg 3480 

taaaagagcg ttttgataaa atattattta tatgtaaatt aaaataataa aatcaaaagt 3540 

gataatgcta atttgagtaa tgtaaatatt ggtaaaaatc caatacttct ataatttaag 3600 

gtttcctatt tataattttt tttaataggg ttagtcgaat cttaaaatga gatgaaacgt 3660 

gtaattgata gataataagt taatattctt atactatatt ataatttata ttttaagact 3720 

aatattaata attttaatat tatttatatt atataaaaat tattaatata tttattataa 3780 

tatattcgta ccgtaaactg acactagtaa atatatatat attattaaga agttaagata 3840 
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atttttttta aggaactcgg caatttaatc ttgtaactta gggataaaag atacttttta 3900 

gttgaaaata aaaaatttaa gcgactgttt aacaaaaaca caaatctttg ctaaattgaa 3960 

aaatgatgta taaagattga catctgccca gtgctattat gttaaaataa tatatgtaat 4020 

taaattataa tatatatata agctatagta aacggcggct gtatctataa cggtccaaag 4080 

gtagcgaaat tccttgtcgg gtaagttccg acctgcatga aagatgtaac gacttaaatg 4140 

ctgtcttaaa aaaaatctta atgaaataaa attatctgtg aagatacaga tttcttatat 4200 

taggacagaa agaccctatg aagctttact attaataaat aatgaaaata tatatattta 4260 

acatagtata aatgggaaac aataatatta ttttcttgga aataatttag ttaaaaatga 4320 

aataccattt tatttatata taaattctta tagaaatttt ataacaaatt tttaaacaat 43 80 

atttatgaga tagtttgact ggggcggtct cctcctatat ataaacggag gagtacaatg 4440 

ttatatttat tatataaaga tataatatat aattaactgt aaaatttaca aattaaacag 4500 

agataaatgt cggtcttaat gatccgataa ttatttagta ataaaattat cgcttaacgg 4560 

ataaaagtta ctctagggat aacaggctaa tcttttccga gagtccatat tgacgaaaag 4620 

gtttggcacc tcgatgtcgg cttatcgcat cctaaagcag tagtatgttt taagggtaag 4680 

tctgttcgcc tattaaagcg atacgtgagc tgggttcaga acgtcgtgag acagttcggt 4740 

ccatatctaa tataagtgtt agaatattga aattattttt tttagtacga gaggatcaaa 4800 

aaaattatac caatgatata tcaattataa aatttttttg taaagttgag tagttaagta 4860 

taaaatttta attgttgaag taatataaat aagaaaattt agttaaaaat aatattctaa 4920 

tcatataaat gaataaaaca ataattagaa aaattatttt ataggattag tatgtattta 4980 

tagtaatata tttagtgtat aattcctaat aagttgaata tttaattatt tattgttata 5040 

tttgctaaag tagcttaatt ggtaaagcaa ctgatttgta atcagtagat tatgagttca 5100 

aatctcacca ttagctttta ttatttttat atataattat tatgataaaa ttaaaaaatt 5160 

ttttaaatat ttataattta aattataaat atcaatataa aaataaaata aatttatatt 5220 

taataagaca aggattaaat ataaatttaa taaaaaattt atctagtaat atttttttat 5280 

atatgtttat ttataatttt aaaaaatatt ctttaaaatt attaaatata tttaaattac 5340 

ctgattggaa tttttttgat tgtccaaata taaattatga taatattatt tattattctt 5400 

ctattttaaa agataataat ttaatatatt atttaaaaaa taatttaaat attgaatttt 5460 

tagatagtat attaataaaa aataattcta tagatattat atttgatagt atgtctattt 5520 

tacatactac acaatatttt ttaaaaaaat taggaataat ttttttacct ttatttgata 5580 

ttatatttaa atatccttta ttaataaaaa aatatttagg tactattatt tcttataaag 5640 

ataatttttt tgctaatatt aattcaataa tatttagtga aggatctttt tgttatatac 5700 

ctaaatatgt aaagtgtaat tttaatttat caacatattt taaaactaat tcttctgatt 5760 

ttgcacaatt tgaacgtact ttaataatag ttggtaaata ttcttatgta tcatatttag 5820 

aaggatgtac agcttcatta tataaagaat cacaattaca tgtagctata gtagaaataa 5880 

tagtaaaaga ttatggttat ataaaatatt atacattaca aaattggtat agaggagatt 5940 

atttaggtaa tggtggttta tataatttta caactaaacg tggtatatgt ttaaattatt 6000 

caaaattaga ttggatacaa gttgaagtag gttcgattat aacatggaaa tacccttcta 6060 

ctattttaaa aggtaaattt tctattagta atttttattc aatatctttt atatcaaata 6120 

tgcaaatagc tgatactggt agtaaaatgt atcatatagg atcttatact aaaagttata 6180 

taatttctaa aagtatatct ttaaataact cattaaatat atttagaggt ttagtatata 6240 

ttaaaccttt ttcatataaa tcttataatt atactgaatg tagttcttta atatttggta 6300 

ataattcttt aacagtaact attccttata taaaaaatta taataatact agttatgtaa 6360 

aacaagaagc ttttgtttct aaaattgaaa ttatatattt atttttatta atgcaacgtg 6420 

gtttaagtat ttcagagtct atttcattat taattatagg tttttgttct gatatttata 6480 

ataaattacc gtttgaattt aatttagaga tacctatatt attttcatta aaaattaaag 6540 

atatatttaa ttaattaaat atgaaatata ataaaaatgt aattaataca aattttttat 6600 

atattaataa atataaaaaa ttattaaaat ataaaaaaaa taaaaatatt atttatatat 6660 

tatataaaaa atatatatta attttaaaga aattaatata tttaaatatt atttaaaaaa 6720 

taatatgata aaaattaata taattaaaaa atattattat aaaaaatata aaaatttttt 6780 

tcaaaaaaaa ataataataa ataaaaaatt tattttaaat aaaaatttaa taattaaatt 6840 

aaatttttat gaatatataa aaaataaatt acaaatattt aattttaaag gtattttatt 6900 

aaataataaa aataataatt atattatttt attaaaattt aataataatg atataatata 6960 

tttatatttt aatttaaata catttaattt aattaatatt tttaaaatag gtaaatttaa 7020 

tataaattaa atgatatata ttgttaatcc tattttagta aaaaataatt atataatatc 7080 

aaatttatat ttattattaa ttcaggaaat aatatataat ttaagatatt atattttatt 7140 

tttaaataat aatataaatg ttaaatttaa ttttatttat tataaaatta taattttatt 7200 

aactaatata aatataaatt ctattgatac tattcagaat ataaataatt tattaaaaat 7260 

aattttaaca ttaaagttaa attttataaa tataaataaa attataaaat ttaatatatt 7320 

aatatttata ttacctttta tttataataa tattattata ttaaatggat tatataaaac 7380 

atgtattcaa ttatttaaaa aaaataataa aatttttatt ataaaattta aaaataataa 7440 

taaaaatatt atatatgtat atatatatat tagtttagga ttaagaatta tttttaaaat 7500 

aagtaagtta aatattgatt gttattttaa taattttaaa tttaattttt taattttatt 7560 

attatattta aataatatat atataaataa aaatatatca ttatttatat ataataatat 7620 

tataaataaa aagatattaa tatataatta tataaaattt atttattcaa aatataataa 7680 

tattaataat ataatatcat taaaattatt tattattaaa ttaaataaat ttaataatat 7740 
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atatataaat 
tttttatatt 
aaaaagtaaa 
atataataat 
tataaatata 
tcaaaaattt 
tgatttaaga 
aggattaact 
tttattcgta 
aaatatattt 
tattaatttt 
tataacacaa 
aataccattt 
tcaaattgtt 
tttaaataaa 
ttcttgtata 
taattataaa 
ggaaaaagtt 
tagtttagga 
tgctattata 
tatttatgaa 
atctaaaatg 
tacatatata 
taataataaa 
taaaaataaa 
attaccaaat 
atatattggt 
taaaggtatt 
tcaacctgat 
atttgaagga 
taatttaaat 
ttataataat 
aaaaaatcca 
ttataaatta 
tgaattaact 
aatggaagta 
ttataaatct 
taaaataaaa 
tttagctatt 
tttacctatt 
ttaaaattaa 
aataaaatta 
ccaattttaa 
aattgtaata 
tgtaaaaata 
aatattccaa 
ttaaataaaa 
attaaatata 
aaaaaatata 
caaaatataa 
aaatattata 
aataatataa 
agaccttatt 
agattaataa 
ttttttatat 
ataaataaat 
ggtaaatata 
tctgttataa 
agtataaatt 
ataatattta 
agattattac 
ttacaatctt 
tgtacaagtt 
aaaacttcaa 
tcaaataata 



ttattaaata 
aataatattt 
aaatatttaa 
ataactttat 
aatccattag 
aaaataaata 
gaattaccta 
tgtggtttag 
atatattata 
aataaaaatt 
aataaaacaa 
aatattattt 
atacattata 
cctattatat 
tatttaaatc 
aaaataataa 
aaaataaatc 
aatattggtc 
aataatttat 
attagtagaa 
atatctttaa 
tattataaaa 
ttagctaata 
agtttaatta 
cctattattt 
catttatata 
atacaaaaat 
atatcttata 
atatttataa 
atatatgggt 
aaaaattatt 
aattttaata 
tttactggta 
attcatatga 
caacaaccaa 
tgggctttag 
gatgatatta 
aatactttta 
aatatagaag 
aatataattt 
atatattaaa 
taatcggaga 
atggtttatt 
aaaaaatgta 
aattaataat 
ttttacattt 
atgtttttta 
agcagtattt 
aaaatattat 
atttattaac 
ataaaaaata 
aaccaaattg 
tttatataaa 
ttttaaaaaa 
ttgaaataat 
taattttaaa 
gtacaattaa 
ctgtaaatcc 
tatttaagcc 
aaagtttatt 
aaaatcaatt 
ttaaaccttt 
ttaatgcaga 
agtttgaatc 
aaaatttatt 



ttttattttc 
ataataaaaa 
aaatatttaa 
tattaaataa 
ttcaatattc 
tgataactac 
gaaatatatt 
ttaattattt 
aacatatatt 
tttataatat 
ctattttaac 
acataccttt 
atgattctat 
atccaaattt 
atttaattat 
taagagattt 
aaaatatatt 
agattttagc 
tagtaggtta 
aaattttata 
atataattaa 
atattaaaca 
atatattaat 
atattattaa 
ctactattca 
ataaaacaga 
atttacaatt 
ttagtgaaat 
gtgctataag 
taaatagttt 
ataacaatta 
taaatagtaa 
atatgattaa 
taaaagataa 
taaaaggtaa 
aagcttttgg 
aaagtagaaa 
tatcagaaac 
ctttttgtat 
attaataatg 
tcctaaacaa 
ggtattaata 
ttgtgaaaaa 
taatataaat 
aaatataaat 
atggtattta 
tttaaaattt 
ttattataat 
tcaatattta 
tgaattatta 
tttatataaa 
gatattttta 
taatagtaca 
taataaatta 
agaaaaaaga 
aaataataat 
atataaatta 
aagtattata 
ttttttaata 
aattaataaa 
tattattata 
attaactgaa 
ttttgatggg 
taatattaat 
tagtaattta 



aataaaatta 
attttattct 
atatcaatta 
taaaaaatat 
tgatcaagta 
aggattaaat 
agggtatatc 
aactacaaat 
ttataataga 
tagttttaat 
aataaataaa 
taattattta 
tagaaattta 
aagtaatatt 
ttcatatcaa 
atttaataga 
attaatttat 
tataaattct 
tggttcttat 
taataattta 
taatatacca 
tttagataaa 
ttcaaaatta 
ttttttattt 
tgatataggt 
aaaaaataat 
aggagataaa 
aaatgatata 
tataccttct 
atatttaaat 
taatcatatt 
aatgtcttat 
taatagtatt 
atttagatat 
tacaaaacaa 
agcttcttat 
aatattaaaa 
ttttaaatta 
atttaatgat 
ataatacata 
ataataaaat 
cctaatacaa 
atatttgatt 
aatttttcat 
agaaaatata 
actggtcctt 
ttaatttatt 
aaattatttt 
ttttctcata 
aataataaag 
aaaattaatt 
gatttattac 
tatattatat 
aaatattggt 
ttattacaac 
acttttttta 
ttaggtaaaa 
tataataata 
aatatattaa 
aatttattta 
aatagagctc 
ggttattcat 
gatcaaatgt 
ttaaattttg 
caatattata 



aatttttcat 
attattgata 
ttaaatatta 
ataaatataa 
aataatttat 
tctaaattta 
agtttaataa 
atatttttaa 
tataatttta 
aatatttatt 
aatacattta 
ttatctttta 
atgagtataa 
attactaatt 
gaaggaatag 
caaataattt 
aaacctattg 
aatttattaa 
ttaggatatg 
tatacttcat 
gaaatatgta 
tatggtataa 
atgtttatgc 
ggtagtaaat 
agggttatta 
atatatttaa 
atatgtaata 
ccatatttaa 
agaataaata 
actagatata 
tttaattatt 
aattataata 
tgtttaaata 
agatttatag 
gggggtcaaa 
ttatttaaag 
aattatttat 
attttaaaag 
acaaataatt 
ataatataaa 
ggtcttcaat 
taaattttaa 
atatgtataa 
tttttttata 
aattaggttt 
taaaagtagc 
ataaatattt 
caaaaataaa 
atattttata 
aattattatt 
tatttaattt 
caatattacc 
ctactataaa 
tatatttacg 
aattaattga 
attttagtaa 
gagttgattt 
ttggattacc 
aatataatag 
ttatacaaaa 
ctacattaca 
taaaatttta 
ctattttttt 
ataaaaatat 
aattaggaat 



attattctga 
atttattaat 
atagaaatat 
ttttagaaaa 
ctgaaataaa 
ttttaaataa 
atactaatga 
atttaaaata 
agttattatt 
taaaaaaaaa 
aaatatgtaa 
ttgaaaattt 
aaatgcatac 
ataattttat 
ttatatatgt 
attatttaaa 
tatgggtagg 
atagtgaata 
aatatgaaga 
tacatttgaa 
gtataaattt 
taaaagaagg 
cttttatatt 
taagaatatt 
aaatagaaat 
aatttagaat 
gacatggaca 
ataataaaat 
taggtcaaat 
taatatcaaa 
ataaatataa 
aatattattt 
atatttatta 
gtttatattc 
gatttggaga 
aattttttac 
ttaataatta 
agttacaaag 
tattagaaaa 
ttttatagga 
attttataaa 
tacaggatta 
atggaattgt 
ttgtaaattt 
tatattttta 
ttcattatta 
ttttagtaat 
tttatataaa 
taaaaagtta 
aattaataat 
atttatatta 
tgcaggatta 
tgaaaattat 
taataatatt 
ttatttattg 
aacttttcaa 
ttccggtaga 
ttattatatt 
taaattaaat 
atttttaaat 
tagaatgaat 
tccattagga 
accattaatt 
aatatcacct 
aaatacttta 



7800 
7860 
7920 
7980 
8040 
8100 
8160 
8220 
8280 
8340 
8400 
8460 
8520 
8580 
8640 
8700 
8760 
8820 
8880 
8940 
9000 
9060 
9120 
9180 
9240 
9300 
9360 
9420 
9480 
9540 
9600 
9660 
9720 
9780 
9840 
9900 
9960 
10020 
10080 
10140 
10200 
10260 
10320 
10380 
10440 
10500 
10560 
10620 
10680 
10740 
10800 
10860 
10920 
10980 
11040 
11100 
11160 
11220 
11280 
11340 
11400 
11460 
11520 
11580 
11640 



6 of 8 



12/10/02 3:43 PM 



EBI ANALYSIS TOOL 



http://www.ebi.ac.uk/cgi-bin/emblfetch 



ttaatattaa 
tatgaatatt 
aataataata 
atgtatatat 
ttttagaaaa 
aattattata 
atttttcaaa 
ataataaata 
atttaaaagt 
atcctattta 
aattacaaca 
aaaaacctgt 
gttatggatc 
taacaaaacg 
caccttttat 
taaatatatt 
ttatttatac 
ataatagaag 
atatatgtaa 
taggagttat 
ttcatgctag 
tatatttata 
atattaatat 
atatattatt 
ataattctat 
ataatgtaat 
ataaatggat 
ataatttata 
attttttaat 
attataattt 
taataatata 
atatgaaaaa 
tttaaatttt 
tttatattta 
atataattta 
tattaattta 
tattatatat 
taaaaatatt 
taataatatt 
aatatttgaa 
aatattttat 
taataaatat 
agatattagt 
taaaaattta 
taaaagttca 
ttatcaaaat 
atgtataaag 
acaattaata 
tgaaccaatt 
tataagtttt 
ttggttaata 
atggtataga 
attaaaatca 
atatatatat 
tttatataag 
tattaataat 
tttatatata 
aattataata 
atctaaaaaa 
tggtataaaa 
tttaatttta 
tttagattca 
aaaattaata 
a 



attataataa 
ataataataa 
atatatttta 
attaataata 
aaaattatta 
tttaggatat 
ttttatatat 
ttacgaaatt 
tataaataaa 
ttcaaattta 
attaataggt 
tataaataat 
taaaaaaggt 
tttaataaat 
attaaaatat 
aagatttaaa 
aaaaaatact 
aaatatatat 
tacatgttta 
atctagtgaa 
ttcaatttta 
taaattaaat 
taaatttaat 
tgaatataaa 
ttctaagaat 
taaatattat 
tctatataat 
taataaaggt 
taattatttt 
tattaattca 
caaattttaa 
aaattattta 
tataagtata 
tatgaaatat 
tatattatat 
tattttataa 
aaaaataatt 
ttaataaata 
tataatttat 
aataaaaata 
ataaaatatt 
aatattaatc 
tctattttat 
aaatattatt 
tatatatatg 
atttatttac 
ataatatcta 
aatataatta 
attttaggta 
cagaatacat 
gatataaaat 
tatttagtaa 
aaaatttata 
aaaataaaat 
ttatatttat 
aataatttaa 
aataaatggg 
tatatttgga 
tgtatatata 
aatatgataa 
aaagaaattt 
agtaatataa 
tataaaataa 



tgagttaaat 
tattttattt 
tatattaact 
aatatgtatt 
attatattta 
gaatatagtt 
ttattaattt 
aaaaataatt 
attcaaggta 
tttttatttt 
tataagggtt 
tatataaatg 
ataattgata 
attacaagta 
atattaaata 
attttacaaa 
tatataacta 
ttaaatatta 
aattataaac 
gctataagtg 
aaagataaat 
ataaataaaa 
ttaatatttt 
tatattttac 
tttaaatata 
aattatagta 
atttatacat 
attattttaa 
aatttatttt 
aattattatt 
ataaattatt 
tatatttaaa 
cttataataa 
ttaaatataa 
ataataatta 
aaaatttatt 
attatattta 
ataatttatt 
atttaaatga 
taaaagataa 
ataattattt 
attataaata 
atagtggata 
ttagattttt 
tatataatat 
cttctattta 
ataattttaa 
attattcttt 
ttacaaaatc 
ttaaaataat 
ctaaaataat 
attaattttt 
taggaaatat 
ttaattattg 
atatttataa 
taaaaaattt 
tttctggatt 
taagtaaaat 
atttaaatat 
atctacctaa 
taaaattaaa 
atataaaaat 
tttatacttc 



atattttatt 
atatttaatt 
tctattaata 
tttatttttt 
aatataatat 
ttttatataa 
tatataaaaa 
atataaatgt 
ttttaaataa 
ttaataataa 
atatttctaa 
aattaaatat 
cagctttaaa 
attttataat 
tggatatata 
ataatatttt 
aatatatatt 
aatctgtata 
aattatataa 
aacctagtac 
ttaattttaa 
tatttaaatt 
taatgaataa 
aaaatcaata 
atttaaataa 
atatacagtt 
attatttata 
ataataataa 
caaattatta 
ttaaaaaatg 
ttatgtaaat 
tattataaat 
attatttttt 
ttggtataaa 
tattaaatat 
ttataataat 
taataataat 
atataataaa 
tattactata 
tatttttttt 
aaataatatt 
taaattaaat 
ttctttacat 
attaaaatct 
tttaattgaa 
ttttgaactt 
aatatttaaa 
aaatttaaat 
aattttagct 
aagtttaaat 
attgactgat 
ttaaaatatg 
ttataagaat 
tattttaaat 
tatatcatta 
tacaattaaa 
attaactaat 
aattaaaaat 
aatttatatt 
atacatattt 
attaatttta 
tttaggaaat 
attaattcat 



ttaattcaat 
tagtttggat 
gaataattat 
taataaatat 
aagttttaaa 
ttattcctta 
taaaattaat 
atttttaaat 
taatttatat 
aataaaaata 
tataaaagga 
atatgaatat 
aacagcagat 
aaaagaatta 
tggtaatatt 
aaatttaaat 
aaataaatta 
tttatgtaat 
atataattta 
tcaaatggta 
taaatattta 
aattataaat 
aatattatat 
tataaaatgt 
tattattatt 
attaataaaa 
ttattatcat 
taataagtat 
ttataaaatt 
aattttatat 
aatatattta 
aatattataa 
ataaaaaaat 
tatttattgt 
ttatataaat 
aataatttta 
atgaatttat 
ttattttata 
ggtttacaat 
atttcaaata 
atatatatat 
ttttattctt 
acagaatttt 
ataaatattt 
tctattttga 
attataaaaa 
tataatgata 
aaacattata 
aattctggat 
attttaaata 
ttattacctg 
tttattactt 
atttattttg 
tttacattta 
atgaataata 
atatgtaatt 
tggtttgtat 
aaatatttta 
aaattatata 
ttaacaaatt 
ataagtttta 
tataataatt 
agtaaaatta 



tgaaaaaata 
aaaatatata 
aaatttatat 
aatttaaaaa 
atattacatg 
aatataaaag 
aatatttata 
aattattatt 
aataaaatta 
aaatattctc 
atgatttatg 
attttatctt 
tcaggatatt 
aattgtaaat 
atattacctt 
aatggtactt 
ttaaatttat 
atatataata 
ggacaacata 
ttaaggactt 
atttataaaa 
tttaaaaaat 
aattataata 
aattttattt 
aaatatttaa 
aatatccata 
ataaagtttt 
aatgttatat 
tataataata 
taaaaaattt 
tatattataa 
ttaaaaaata 
ataataattt 
taaataataa 
ataatataaa 
tacataatca 
atcaatataa 
attatattaa 
ctataaatat 
atatttatgt 
ataatatatg 
atatttttga 
attcaattaa 
atcaagcaac 
aacaatatag 
aaatgttatc 
taatatcttt 
tttataaata 
ttttaacaaa 
ataaaattga 
ttggtaatgg 
ttgataattt 
ataattataa 
tagctttata 
aaattttatt 
taacaaataa 
taaaaaaaaa 
ataatatatt 
ataaatttaa 
ttaataaaaa 
taaatttaag 
ataaatcttt 
aaaatatgta 



// 



11700 
11760 
11820 
11880 
11940 
12000 
12060 
12120 
12180 
12240 
12300 
12360 
12420 
12480 
12540 
12600 
12660 
12720 
12780 
12840 
12900 
12960 
13020 
13080 
13140 
13200 
13260 
13320 
13380 
13440 
13500 
13560 
13620 
13680 
13740 
13800 
13860 
13920 
13980 
14040 
14100 
14160 
14220 
14280 
14340 
14400 
14460 
14520 
14580 
14640 
14700 
14760 
14820 
14880 
14940 
15000 
15060 
15120 
15180 
15240 
15300 
15360 
15420 
15421 
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Generic OB Entry Retrieval 



ID 
XX 
AC 
XX 
SV 
XX 
DT 
DT 
XX 
DE 
DE 
XX 
KW 
XX 
OS 
OC 
XX 
RN 
RP 
RA 
RT 
RL 
RL 
RL 
XX 
RN 
RP 
RX 
RA 
RA 
RT 
RT 
RT 
RL 
XX 
FH 
FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



PFLSRRN standard; DNA; INV; 2700 BP. 

X61660; 

X61660.1 

ll-SEP-1991 (Rel. 29, Created) 

27-SEP-1995 (Rel. 45, Last updated, Version 22) 

Plasmodium falciparum gene for a large subunit ribosomal RNA from the 
inverted repeat within the 3 5 -Kb circular DNA 

inverted repeat; ribosomal RNA; ribosomal RNA large subunit. 

Plasmodium falciparum (malaria parasite P. falciparum) 
Eukaryota; Alveolata; Apicomplexa; Haemosporida; Plasmodium. 

[1] 

1-2700 

Gardner M.J. ; 

Submitted (22 -AUG-1991) to the EMBL/ GenBank/DDB J databases. 

M.J. Gardner, Div of Parasitology, National Inst for Medical Research, The 

Ridgeway - Mill Hill, London NW7 1AA, UK 

[2] 

1-2700 

MEDLINE; 93219063 . 

Gardner M.J., Feagin J.E., Moore D., Rangachari K. , Williamson D.H., 
Wilson R. J.M. ; 

"Sequence and organization of large subunit rRNA genes from the 
extrachromosomal 35 -Kb circular DNA of the malaria parasite Plasmodium 
falciparum" ; 

Nucleic Acids Res. 21:1067-1071(1993). 



Key 
source 



rRNA 



Location/Qualifiers 
1. .2700 

/ db_xr e f = " t axon : 5833 " 

/ organism= "Plasmodium falciparum" 

/strain="C10" 

/dev_stage= "Erythrocytic " 

/clone="pf4, pf5, pf6a" 

1 . .2700 

/note=" subcellular localisation unknown" 
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XX 
SQ 



/product=" large subunit rRNA" 



// 



Sequence 27 

aatatataat 

gaaagacgtt 

tattaataaa 

aaaaacttaa 

catagtagcg 

ataaagtaat 

ataaaattaa 

ttttgaaaaa 

attttaattt 

ataattaggt 

ataaatttaa 

aataaaattt 

ataaaatata 

atatatgtaa 

atttaaataa 

ttattagaaa 

aagattttta 

agtaaattta 

ttagttcaaa 

caattaaatt 

aaaatcaaaa 

ctataattta 

gagatgaaac 

tattttaaga 

tatttattat 

gaagttaaga 

agatactttt 

tgctaaattg 

aatatatgta 

aacggtccaa 

acgacttaaa 

gatttcttat 

tatatatatt 

agttaaaaat 

tttttaaaca 

aggagtacaa 

caaattaaac 

atcgcttaac 

attgacgaaa 

tttaagggta 

agacagttcg 

gagaggatca 

agtagttaag 

ataatattct 

agtatgtatt 



00 BP; 1175 

taaatatata 

atatatatta 

tattattata 

ggaattgaat 

gcgagcgaat 

ataatatata 

atataataaa 

atagtgaaaa 

tattatattc 

taaatatatt 

aatatattat 

aaataaaatt 

attagtggtg 

gtatagtatt 

ttaatattaa 

ataaaggata 

aatattaatt 

gaagcagtta 

aataatcgaa 

ggtaaaagag 

gtgataatgc 

aggtttccta 

gtgtaattga 

ctaatattaa 

aatatattcg 

taattttttt 

tagttgaaaa 

aaaaatgatg 

attaaattat 

aggtagcgaa 

tgctgtctta 

attaggacag 

taacatagta 

gaaataccat 

atatttatga 

tgttatattt 

agagataaat 

ggataaaagt 

aggtttggca 

agtctgttcg 

gtccatatct 

aaaaaattat 

tataaaattt 

aatcatataa 

tatagtaata 



A; 199 C; 
taataaattt 
acgaaatttt 
aaagtatctg 
catcttagta 
tgaaaaaaaa 
attttatata 
agtttataga 
gaatctgaat 
ttgttgaaga 
taaataatga 
ttattataga 
aaattatagt 
aaatgccaat 
tatatataaa 
tattaataat 
agctttattt 
aagttttaaa 
tcttttaaag 
aataaattaa 
cgttttgata 
taatttgagt 
tttataattt 
tagataataa 
taattttaat 
taccgtaaac 
taaggaactc 
taaaaaattt 
tataaagatt 
aatatatata 
attccttgtc 
aaaaaaatct 
aaagacccta 
taaatgggaa 
tttatttata 
gatagtttga 
attatataaa 
gtcggtctta 
tactctaggg 
cctcgatgtc 
cctattaaag 
aatataagtg 
accaatgata 
taattgttga 
atgaataaaa 
tatttagtgt 



324 G; 1002 

aaaaggatgt 

tataataatt 

ataaaatatt 

cttaaaggaa 

taaacattta 

aataatataa 

gaaaagtacc 

tttaatttaa 

aagaattagc 

agccaaagtt 

cccgaaatca 

ttgaattgat 

cgaatttgaa 

taaatgtaaa 

ttaataattt 

tcaaaaggga 

aagaatataa 

agtgcgtaaa 

ttatcgatat 

aaatattatt 

aatgtaaata 

tttttaatag 

gttaatattc 

attatttata 

tgacactagt 

ggcaatttaa 

aagcgactgt 

gacatctgcc 

taagctatag 

gggtaagttc 

taatgaaata 

tgaagcttta 

acaataatat 

tataaattct 

ctggggcggt 

gatataatat 

atgatccgat 

ataacaggct 

ggcttatcgc 

cgatacgtga 

ttagaatatt 

tatcaattat 

agtaatataa 

caataattag 

ataattccta 



T; 0 other 
ctataatttt 
aataaaaata 
tttatataaa 
taaaaagtaa 
aaaaaatatg 
aaaataataa 
gtgaggaaag 
ataaattata 
aagttataat 
aaatcgaatt 
aatgatctaa 
tactgttgca 
gatagctggt 
actctttttt 
tatttaataa 
aacagcccta 
aattatatta 
agctcattaa 
tataaaattt 
tatatgtaaa 
ttggtaaaaa 
ggttagtcga 
ttatactata 
ttatataaaa 
aaatatatat 
tcttgtaact 
ttaacaaaaa 
cagtgctatt 
taaacggcgg 
cgacctgcat 
aaattatctg 
ctattaataa 
tattttcttg 
tatagaaatt 
ctcctcctat 
ataattaact 
aattatttag 
aatcttttcc 
atcctaaagc 
gctgggttca 
gaaattattt 
aaaatttttt 
ataagaaaat 
aaaaattatt 
ataagttgaa 



tattaaataa 
tatttatatt 
tattttattt 
taacgatttt 
taaaatttta 
gaattacctt 
atgaaaagaa 
ataaaattta 
aaatagtata 
tattttttta 
ttatatttaa 
aaagtatcaa 
tctctttgaa 
tattagatta 
aatatatata 
attataaatt 
ataattaaaa 
tttaataatt 
aatattagta 
ttaaaataat 
tccaatactt 
atcttaaaat 
ttataattta 
attattaata 
atattattaa 
tagggataaa 
cacaaatctt 
atgttaaaat 
ctgtatctat 
gaaagatgta 
tgaagataca 
ataatgaaaa 
gaaataattt 
ttataacaaa 
atataaacgg 
gtaaaattta 
taataaaatt 
gagagtccat 
agtagtatgt 
gaacgtcgtg 
tttttagtac 
tgtaaagttg 
ttagttaaaa 
ttataggatt 
tatttaatta 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
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DATE: Tuesday, December 10, 2002 



Set Name Query Hit Count Set Name 
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LI 


berghei 


446 


LI 


L2 


LI same plastid$ 


0 


L2 


L3 


LI same ($plastid) 


0 


L3 


L4 


LI and ($plastid or plastid$) 


2 


L4 


L5 


($berghei or berghei$) 


831 


L5 


L6 


L5 not 11 


385 


L6 


17 


L6 and ($plastid or plastid$) 


3 


17 


L8 


17 not 14 


3 


L8 
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□ 1. Document ID: US 6313090 Bl 



L3: Entry 1 of 2 



File: USPT 



Nov 6, 2001 



DOCUMENT-IDENTIFIER: US 6313090 Bl 

TITLE*. Methods for treating parasitic infection using thiopeptides 

Detailed Description Text (13): 

The thiopeptides of the present invention can be administered to the subject in amounts sufficient to treat 
the parasitic infection in the subject as desired. Optimal dosages used will vary according to the individual and 
the particular parasitic infection, on the basis of age, size, weight, condition, etc, as well as the particular 
treatment effect being induced. One skilled in the art will realize that dosages are best optimized by the 
practicing physician and methods for determining dosage are described, for example, in Remington's 
Pharmaceutical Sciences (36). 

Detailed Description Text (14): 

In a preferred embodiment, the thiopeptide of the present invention can be administered to a human or a 
non-human animal in a pharmaceutically acceptable carrier in a dosage range of about 50 to 550 mg/kg/day and 
is preferably administered in a dosage of about 500 mg/kg/day. Treatment can be continued for an indefinite 
period of time, as indicated by monitoring of the signs, symptoms and clinical parameters associated with the 
parasitic infection according to protocols standard in the art for monitoring parasitic infections. Examples of 
the parameters that would be monitored can include, but are not limited to, amount and frequency of diarrheal 
excretion, oocyst excretion, culture of the parasite in body fluids and tissues, body weight and blood 
chemistry and urine analysis of hepatobiliary function. Oocyst excretion can be measured by quantitation of 
acid-fast stained stool specimens, ELISA antigen capture, immunofluorescence assay, DNA amplification, etc., 
according to protocols well known in the art. 

Detailed Description Text (24): 

Assay of Growth inhibition. Thiostrepton (1525 u/mg; Calbiochem) and anisomycin (Sigma) were dissolved at 
100 mM in DMSO (Pierce). P. falciparum (strain 3D7) (44) was maintained in culture with human erythrocytes 
(5% hematocrit) in RPMI-1640 (Life Technologies) supplemented with HEPES and sodium bicarbonate and 
human sera (10%) under standard conditions (18,19). The growth inhibition assay was conducted as described 
(20). Briefly, the parasitemia was adjusted to 0.1% parasitemia, 2.5% hematocrit and 200 .mu.l aliquots placed 
in wells of a microtitre dish. Serial dilutions of drugs were made in RPMI. Thiostrepton was diluted to 10 mM 
in DMSO before the serial dilutions in RPMI. Aliquots (20 .mu.l) were added in triplicate to the cultures in the 
microtitre plate, mixing well. At the highest concentrations (final 0.2mM), thiostrepton precipitates. After 
incubation for 48 hours under standard conditions, [2,8-.sup.3 H]-hypoxanthine Moravek Biochemicals, 12.5 
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Ci/mmol) in RPAAI (20 .mu.l, 0.05 mCi/ml) was added to each well. After incubation for a further 24 hours, the 
cultures were lysed and incorporated radioactivity was measured with an automated counter. 

Detailed Description Text (26): 

As of organelle and cytoplasmic transcript levels. RNA polymerase transcript levels were assessed by 
comparing the amounts of RNA synthesized at timepoints following drug treatment. Cultures of P. falciparum 
(3.2% parasitemia, 5% hematocrit) were treated with thiostrepton at 8 .mu.AA and rifampin (Sigma) at 80 
.mu.AA; near the IC.sub.99 values (this study and ref . 22). Aliquots (5 ml) of treated and control cultures were 
removed and immediately processed for RNA with a guanidinium thiocyanate solution, according to the 
manufacturer's directions (RNAgents, Promega). All RNA samples were dissolved in 50 .mu.l DEPC-treated 
water, DNase I treated as previously described (23) and an aliquot (1 .mu.l) was removed for RT-PCR First 
strand synthesis of cDNA was completed with a random hexamer (Superscript Preamplif ication System, Life 
Technologies). One-tenth of the CDNA product was utilized for PCR of rpoB/C, AASA1, and rRNA. Primers 
corresponding to the 3' region of rpoB, 5 % ~GGGCTTTAGAAGCTTTTGG~y (SEQ ID NO:l), and the 5' region of 
rpoC, 5 ' -CC A TTTA AAA TTGGTA A TCCTS- 3 ' (SEQ ID NO:2) were applied as described (2,3) for PCR of 
nascent rpoB/C transcripts. Reactions were cycled with the following parameters: 94.degree. C./30 seconds, 
42.degree. C./30 seconds, 72.degree. C./60 seconds, 35 cycles. Primers for amplification of nucleotide 64 to 
614 of AASA1 with 5 ' -GTGTGA TA A TA TTC A TGG- 3 ' (SEQ ID NO:3) and 5 ' -GGAGAGCA TTTGGTG-3 ' (SEQ ID 
NO:4)(24) and the small subunit rRNA with oligonucleotides 841 and 844 (23) were used for amplification 
reactions following the parameters in the respective references except with 35 cycles. Samples were also 
analyzed after 25 cycles of amplification to ensure detection in the linear range of the amplification reaction, 
with similar results. Following electrophoresis of aliquots from the amplification reactions on 1% agarose:TBE 
gels, samples were transferred to nylon membranes (GeneScreen Plus, DuPont) and hybridized as described 
(25). The amplification products were probed with 5'-.sup.32 P-labeled oligonucleotides. The rpoB/C products 
were probed with S'-GTrTAGCTATTAATATAGAAGC-S' (SEQ ID NO:5) (nucleotide 2009-2030 of rpoB) and 
5* -CGGAGAGGTATTAATACC-3' (SEQ ED NO:6) (nucleotide 108-125 of rpoC), in 5.times.SSC, 10 mAA sodium 
phosphate, 0.05% sodium pyrophosphate, 1% sodium dodecyl sulfate, 5.times.Denhardt's solution, 100 .mu.g/ml 
yeast tRNA, 42.degree. C. and washed in the hybridization solution lacking Denhardt's and tRNA at 37.degree. 
C, three times. The final wash was l.times. SSC, 0.5% sodium dodecyl sulfate, 42.degree. C. followed by 
autoradiography. The same results were obtained with either probe. The AASA1 amplification products were 
similarly probed with 5 ' - A A A CTTGTGTTCGGA TA TAGS' (SEQ ID NO:7) and the rRNA products with 
oligonucleotide 842 (23). 

Detailed Description Text (28): 

The target of inhibition by thiostrepton. In the absence of a direct measure of plastid-like organelle protein 
synthesis, assay of mRNA levels by RT/PCR provides a sensitive assay for the selective effect of thiostrepton 
on the plastid-like organelle. The presence of a protein encoded by the organelle, identified in the 35-kb 
genome as a homolog of eubacterial RNA polymerase encoded by the rpoB and rpoc genes (5), was assayed 
during treatment. Selective inhibition of the plastid-like RNA polymerase with rifampin provides a comparison 
with the effect of thiostrepton, since prokaryotic RNA polymerases are sensitive to rifampin. The synthesis 
of the rpoB/C mRNA encoded by the 35-kb genome was then compared to a nuclear-encoded mRNA On the 
basis that the 35-kb encoded rpoB and rpoC are transcribed as a polycistronic mRNA (3), nascent transcripts 
were assayed at various timepoints during drug treatment by RT/PCR of the mRNA including the intergenic 
spacer between rpoB/C. Also, the sensitivity of RT/PCR provides a relative estimate of the mRNAs 
corresponding to those encoded on the 35-kb genome versus those of nuclear-encoded mRNAs. Amplification 
of part of the mRNA corresponding with Merozoite Surface Antigen (MSA1) was chosen as a nuclear-encoded 
mRNA, as this is abundant in erythrocytic stages of P. falciparum (24). As a control, a section of 
nuclear-encoded SSU rRNA was also amplified as this is unaffected by antibiotics. 

Detailed Description Text (35): 
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Intact C. parvum oocyst asset 3.0.times.l0.sup.4 C. parvum GCH1 oocysts per well were incubated in the 
above-mentioned concentrations of drug at 37.degree. C. (8% CO.sub.2) on confluent MDBKF5D2 cell 
monolayers in 96 well microtiter plates. The level of infection in each well was determined and analyzed by 
immunofluorescence assay at 48 hours, using C. parvum sporozoite rabbit anti-serum (0.1%) and 
f luorescein-conjugated goat anti-rabbit antibody (1.0%). Percent inhibition was calculated by subtracting the 
mean parasite/drug from the mean parasitelmedium, divided by the mean parasite/medium, all of which was 
multiplied by 100. The analysis was performed using MCID and an inverted microscope. 

Detailed Description Text (41): 

Intact C. parvum oocyst assay . 3.0.times.l0.sup.4 C. parvum GCH1 oocysts per well were incubated in the 
above-mentioned concentrations of drug at 37.degree. C. (8%> CO.sub.2) on confluent MDBKF5D2 cell 
monolayers in 96 well microtiter plates. For some monolayers, the oocysts were incubated in DAAEAA on the cell 
monolayers for four hours, at which time the monolayers were washed and then drug was added to the wells. 
The level of infection in each well was determined and analyzed by immunofluorescence assay at 48 hours, 
using C. parvum sporozoite rabbit anti-serum (0.1%) and f luorescein-conjugated goat anti-rabbit antibody 
(1.0%). Percent inhibition was calculated by subtracting the mean parasite/drug from the mean 
parasite/medium, divided by the mean parasite/medium, all of which was multiplied by 100. The analysis was 
performed using MCID and an inverted microscope. 

Detailed Description Text (47): 

Intact C. parvum oocyst assay. 3.0.times.l0.sup.4 C. parvum GCH1 oocysts per well were incubated in the 
above-mentioned concentrations of drug at 37.degree. C. (8% CO.sub.2) on confluent MDBKF5D2 cell 
monolayers in 96 well microtiter plates. The level of infection in each well was determined and analyze by 
immunofluorescence assay at 48 hours, using C. parvum sporozoite rabbit anti-serum (0.1%) and 
f luorescein-conjugated goat anti-rabbit antibody (1.0%). Percent inhibition was calculated by subtracting the 
mean parasite/drug from the mean parasite/medium, divided by the mean parasite/medium, all of which was 
multiplied by 100. The analysis was performed using MCID and an inverted microscope. 

Detailed Description Text (51): 

SCID mice (Taconic Farms, Germantown, N.Y,), preconditioned with monoclonal antibodies to interferon as 
described (41), were given an acute infection of C. parvum (10.sup.7 oocysts given orally). A total of five mice 
in two groups were used. One group received 500 mg/kg/day (in two doses of 250 mg/kg) of thiostrepton six 
days post-infection and the other group received a placebo. Treatment lasted ten days and oocyst shedding 
was measured by counting the number of oocysts in 30 fields under high power microscopy of acid-fast stained 
fecal smears and calculating the mean for each group as described (41). The results in FIG. 1 showed that 
thiostrepton significantly reduced oocyst shedding (shaded bars) compared to placebo (black bars). These 
data are summarized in Table 7. Mucosal scores describe the extent of mucosal infection detected in 
formalin-fixed sections of tissue samples from various gut sites (pyloric region of stomach, liver, gallbladder, 
mid-small intestine, terminal ileum, cecum and colon) taken during necropsy. Scoring was as follows: 0 (no 
infection) to 5 (maximal infection) and was expressed as the combined score of the number of gut sites 
examined. 

CLAIMS: 

1. A method for treating a parasitic infection in a subject infected with a parasite having a plastid-like 
organelle, comprising administering to the subject an infection treating amount of a thiopeptide in a 
pharmaceutical^ acceptable earner, wherein the subject is a mammal. 

4. The method of claim 3, wherein the parasite is selected from the group consisting of Plasmodium, 
Toxoplasma and Cryposporidium species. 
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7. The method of claim 4, wherein the parasite is Plasmodium . 

12. A method for treating Cryptoporidium infection in a subject infected with a parasite having a plastid-like 
organelle comprising administering to the subject an infection treating amount of a thiopeptide in a 
pharmaceutically acceptable carrier, wherein the subject is a mammal. 

17. A method for treating a parasitic infection in a subject infected with a parasite having a plastid-like 
organelle, comprising administering to the subject an infection treating amount of a thiopeptide in a 
pharmaceutically acceptable carrier, wherein the parasitic infection is caused by a member of the Microspore 
phylum or Ascetospora phylum. 

21. A method for treating a subject infected with a parasite comprising administering a thiopeptide to the 
subject, wherein the parasite is selected from the group consisting of Plasmodium, Toxoplasma, and 
Cryptospordium. 

22. The method of claim 21 wherein the parasite is Plasmodium . 



DOCUMENT-IDENTIFIER: US 6268160 Bl 

TITLE: Method of screening for anti-malarial compounds 

Brief Summary Text (12): 

(ii) determining whether the compound binds to or inhibits the protein, any such binding or inhibition being 
indicative that the compound is an anti-malarial. 

Brief Summary Text (15): 

(ii) determining whether the compound binds to said RNA or said fragment, any such binding being indicative 
that the compound is an anti-malarial. 

Drawing Description Text (5): 

FIG. 3A shows a Southern blot of endonuclease-restricted malarial genomic DNA hybridised with a 

Pftuf A-specif ic PCR product as probe. A single band for the 35 kb plastid was obtained for each restriction 

digest. 
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Drawing Description Text (6): 

FIG. 3B shows cross -hybridisation between endonuclease-restricted malarial genomic DNA and the yeast tuf M 
gene, indicating the possible presence of a malarial version of tuf M. 

Drawing Description Text (13): 

FIG. 11 shows slot blots of RNA f ractioned on sucrose gradients. Pretreatment with anisomycin blocked the 
puromycin-induced shift of the hybridization signal for P.falciparum cytosolic 23S ribosomes but not the 
plastid 16S ribosomes. A-C. Blots hybridized with a probe for the cytosolic large subunit (23S) rRNA. 
Anisomycin blocked the puromycin-induced shift. D-F. The same blots hybridized with a probe for the 
plastid-encoded small subunit (16S) rRNA. Anisomycin did not block the puromycin-induced shift. 

Drawing Description Text (14): 

FIG. 12 is a slot blot showing the puromycin-induced shift of the hybridization signal for plastid mRNA 
specifying EF-Tu. 

Drawing Description Text (15): 

FIG. 13 contains immunoblots showing that binding of antibiotics modifies migration of EF-Tu.GDP in native 
polyacrylamide gels. Two segments of the same gel show A) heterologously expressed Pf EF- Tu.sub.pl protein 
detected with a malaria peptide-specif ic antibody and B) E.coli EF-Tu detected with a specific antibody 
(Breidenbach et al 1990). Lanes without antibiotics (1 and 5), lanes with 100 .mu.M antibiotic: GE2270A (2 and 
6), enacyloxin lla (3 and 7), kirromycin (4 and 8). Arrows indicate uncomplexed EF-Tu. 

Detailed Description Text (25): 

The invention includes an antibody specific for the EF-Tu protein of the invention. The antibody is preferably 
monoclonal, but may also be polyclonal. The antibody may be labelled. Examples of suitable antibody labels 
include radiolabels, biotin (which may be detected by avidin or streptavidin conjugated to peroxidase), alkaline 
phosphatase and fluorescent labels (e.g. fluorescein and rhodamine). The term "antibody" is used herein to 
include both complete antibody molecules and fragments thereof. Preferred fragments contain at least one 
antigen binding site, such as Fab and F(ab').sub.2 fragments. Humanised antibodies and fragments thereof are 
also included within the term "antibody". 

Detailed Description Text (31): 

Various different assay systems may be used to carry out the screening, but all the assays have in common 
that the EF-Tu protein of the invention is contacted with test compounds and the ability of each test 
compound to bind to or inhibit the protein is determined . Any such binding or inhibition is indicative that the 
compound could be useful as an anti-malarial drug. 

Detailed Description Text (32): 

The screening assays will generally require one or more controls. It will generally be desirable to include a 
positive control in the form of a compound known to bind to or inhibit the EF-Tu protein, so as to ensure that 
the assay system is responding properly. Examples of suitable positive controls include kirromycin (mocimycin) 
and aurodox (1-methylmocimycin), which we have shown through our experiments to be effective anti-malarials 
and which are known to inhibit prokaryotic EF-Tu. It will also generally be desirable to include a negative 
control in the form of a sample containing no test compound, so as to obtain a measurement of the background 
signal in the assay. If a test compound gives a signal in the assay above that of the background, this is 
indicative that the compound has given a positive result and could be an anti-malarial. 

Detailed Description Text (33): 

One convenient type of assay system is a "band shift" system. This involves determining whether a test 
comopund advances or retards the EF-Tu protein of the invention on gel electrophoresis relative to the EF-Tu 
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protein in the absence of test compound. The mobility of GDP complexed EF-Tu is decreased with GE2270A 
but increased with enacyloxin Ila or kirromycin. 

Detailed Description Text (36): 

(ii) determining the amount of the labelled reference compound that is bound to the protein; and 
Detailed Description Text (37): 

(iii) comparing the amount of bound labelled reference compound determined in step (ii) with the amount of 
said compound that binds to the protein in the absence of the test compound; 

Detailed Description Text (39): 

The amount of the labelled reference compound bound to the protein may be measured directly or indirectly. 
A direct measurement may be carried out by removing assay mixture containing the unbound labelled 
reference compound and measuring the amount of label that is in the protein fraction. Alternatively, the 
amount of labelled reference compound bound to the protein could be determined indirectly by measuring the 
amount of label remaining in the assay solution after removal of the protein fraction, which will be inversely 
related to the amount that has bound to the protein. 

Detailed Description Text (40): 

In a competitive binding assay system, the EF-Tu protein may be immobilised on a solid support or may be in 
solution. The use of immobilised protein has the advantage that, after the binding reaction is complete, the 
protein/labelled reference compound complex may be separated from the labelled reference compound that 
remains in solution by simply removing the solution away from the solid support. If, on the other hand, the 
protein is not immobilised during the assay but rather is in solution, then it will generally be necessary to 
devise a means for separating the protein/labelled reference compound complex from the uncomplexed 
reference compound before measuring the amount of label. Such separation could be achieved, for example, by 
precipitating the protein using an antibody to the protein or by using a non-specific protein precipitation 
technique. 

Detailed Description Text (52): 

This information allows the design of assays far screening for further anti-malarial compounds whose 
mechanism of action operates through the 23S rRNA. These assays involve contacting each of the test 
compounds with the 23S rRNA or a fragment thereof containing the GTPase binding domain, and measuring any 
binding of the test compounds to the rRNA or fragment. Any such binding is of course indicative that the 
compound could be an anti-malarial. 

Detailed Description Text (53): 

We have already developed one assay for detecting binding to the 23S rRNA. We made a short transcript 
from DNA encoding the 23S rRNA of the malaria plastid corresponding to the GTPase domain (about 
nucleotide 1051 to about nucleotide 1108) and found that the transcript bound thiostrepton strongly. 

Detailed Description Text (55): 

A screening assay for further anti-malarial compounds can be based on a competitive binding assay in which 
the ability of each test compound to compete with thiostrepton for binding to the Pf 23S rRNA.sub.pl is 
measured . Such an assay comprises 

Detailed Description Text (57): 

(ii) determining the amount of thiostrepton (or other reference compound) that is bound to the rRNA or the 
fragment; and 
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Detailed Description Text (60): 

In a screening assay based on the invention for further anti-malaria compounds, it would be necessary to use 
appropriate controls. A good positive control would be to use a compound known to compete with thiostrepton 
(or with the other reference compound) to ensure that the assay is working properly; a positive result for the 
known competitor in the assay would indicate that the assay had worked correctly. It would also generally be 
desirable to use a negative control comprising, for example, a sample in which no thiostrepton or test 
compound is present; this would enable the background signal in the assay to be determined and any signal 
above the background would indicate binding to the 23S rRNA. 

Detailed Description Text (66): 

In an experiment with RNase (Cox 1969), total polysomes were incubated with a range of concentrations of 
RNase (1-13 ng ml.sup.-l ribosomes, Boehringer) prior to centrif ugation for 30 min at 26.degree. C. In other 
experiments, polysomes were dissociated to monosomes and subunits by the incorporation of puromycin; here 
the total ribosome preparation was incubated for 20 min at 37.degree. C. with 2 mM puromycin in the "high 
salt" buffer to which was added 2 mM GTP, 10 .mu.lml.sup.-l RNAsin (39 U.mu.l.sup.-l, Promega) and 1 mM DTT. 
In some experiments, ribosomes were incubated with both anisomycin (Sigma) and puromycin. Anisomycin was 
added at 3 mM for 10 min at 37.degree. C. followed by incubation with puromycin as above (Cundliffe et al 
1974). After ribosome fractionation on the sucrose gradients, RNA was extracted with 
phenol/chlorof orm/isoamyl alcohol (Chomczynski it al 1987), precipitated in ethanol and blotted on to nylon 
membranes (Gene Screer\ t Trade Name) using a slot-blot apparatus (Scot-Labs). Hybridization was carried out 
with .sup. 32 P-labelled DNA prepared from either cloned fragments of the 35 kb pIDNA of P.falciparum, PCR 
products amplified from it, oligonucleotides based on its sequence (Wilson et al 1996), or with PCR products 
based on the sequence of Pf 28S cytosolic rRNA (McCutchen et al 1988). Hybridization signals were 
quantitated using a Molecular Dynamics phosphor imager. 

Detailed Description Text (68): 

EF-Tu model— Pf EF Tu.sub.pl was modelled by homology with the known 3D structures determined by X-ray 
crystallography of EF-Tu.GTP (Berchtold et al 1993) and EF-Tu.GDP (Polekhina et al 1996) both from Thermus 
aquaticus. Modelling was carried out with the WHAT-IF program package (Trade Name, Vriend 1990), as 
described in Tews et al 1996. Alignments had to be adjusted manually because of small gaps and insertions. An 
iterative procedure of the automated model-building algorithm checked and corrected the alignments until no 
errors were detectable . Three insertions in the Pf EF-Tu.sub.pl sequence had to be deleted: Leu 190, Pro263 
and Leu359-Val363. The final alignment with the T. aquaticus structure had single residue gaps in the Pf 
sequence between Leu41 and Ser42 as well as residues Asn209 and Ile2 10. Co-ordinates for the C (alpha) 
backbone were copied from the known structure for overlapping segments and the atoms for the amino acids 
Gly, Ala and Pro were placed directly in their calculated positions. All remaining residues were assigned to Ala 
before the order in which side changes had to be placed was calculated by the algorithm implemented by the 
program. Atoms were subsequently placed using a position-dependent amino acid rotamer library. The model 
was refined geometrically and re-numbered according to the P.falciparum sequence. 

Detailed Description Text (69): 

Heterologous expression—The malarial plastid tuf A gene was amplified by PCR, cloned into the TA vector 
(Trade Name, Invitrogen) and its sequence determined (Wilson et al 1996). Re-cloning into the expression 
vector pGEX (Trade Name, Pharmacia) was carried out with a PCR product generated using 5* and 3* primers 
providing custom-made restriction sites. Transf ectants in E.coli (strains DH5 alpha, Sure, JM109) were found 
mostly to carry deletions within the tuf A sequence, but one clone in JM109 contained the complete insert 
(sequenced on a single strand). This was expressed as a fusion protein of the expected size by induction of 
mid-log phase cultures with 50 .mu.M isopropyl-.beta.-D-thiogalactoside (IPTG) at 37.degree. C. or 27. degree. 
C. The insoluble fusion protein was solubilized in 5M guanidinium HCI and refolded by dilution (Lin et al 1991). 
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Detailed Description Text (74): 

Ribosomes from erythrocytic parasites were fractionated by centrif ugation on linear gradients (20-50% 
sucrose) and RNA was extracted from fractions collected over the length of the gradients. Slot blots of the 
RNA were hybridized with .sup.32 P-labelled DNA probes prepared from either cloned fragments of Pf pIDNA, 
PCR products based on its sequence, or kinased oligonuceotides. As shown in FIG. 11 C&F, hybridization with 
probes for the large.sub.(cytosolic) or small.sub.(plastid) subunit rRNAs gave signals extending to the bottom 
of the gradient, indicative of rRNA incorporated in polysomes. Supportive evidence was obtained by limited 
digestion of the total ribosome preparation with RNase (13 ng RNase/mg ribosomes for 30 min at 26.degree. 
C.) before fractionation— this causes dissociation of the polysomes (Cox 1969) and shifted the hybridization 
signal up the gradient (data not shown). More specific evidence for a subset of polysomes belonging to the 
plastid compartment was obtained by incubating total ribosomes with 2 mM puromycin in the presence of GTP, 
0.3AA KCI and 1 mM DDT prior to density gradient fractionation: puromycin acts as an analogue of the 3' 
terminal adenosine of aminoacylated tRNAs and is incorporated into nascent peptide chains, terminating 
translation and dissociating polysomes (Sale et al 1981). Incubation with puromycin caused a shift of both the 
cytosolic and plastid rRNA hybridization signals up the gradient (FIG. 11, B&E). The specificity of the 
puromycin-shift was confirmed by pre-treating Pf ribosomes with the antibiotic anisomycin which binds only to 
eukaryotic ribosomes and prevents puromycin incorporation (Sale et al 1981). As shown in FIG. 11A, anisomycin 
blocked the puromycin-induced shift of the hybridization signal for Pf 28S cytosolic rRNA, whereas 
hybridization of the same blot with a probe for Pf 16S rRNA.sub.pl showed the puromycin-shift of the plastid 
subset of polysomes was not blocked (FIG. 11D). 

Detailed Description Text (75): 

Similar results were obtained with a probe for an mRNA specified by the pIDNA. FIG. 12 shows the 
puromycin-induced shift of the hybridization signal for mRNA specifying EF- Tu.sub.pl. 

Detailed Description Text (76): 

To quant itate the relative proportions of the hybridization signals generated by different species of RNA, 
slot blots were hybridized with .sup.32 P-labelled oligonucleotides, known amounts of DNA being used as 
appropriate standards. The 285 cytosolic rRNA was estimated to be 80-fold more plentiful than 16S rRNApl 
and 2000-fold more plentiful than the mRNA specifying EF- Tu.sub.pl (data not shown). These results and the 
puromycin-shif ts are consistent with the presence of actively translating plastid ribosomes in blood cultures 
of malaria parasites. 

Detailed Description Text (81): 

When hybridized with a Pftuf A-specif ic PCR product under stringent conditions, Southern blots of 
endonuclease-restricted malarial genomic DNA gave a single band of the size predicted (FIG. 3A). At low 
stringency no other bands were revealed that might have corresponded to the nucleus-encoded mitochondrial 
gene tufM (Nagata et al, 1983; Wells et al. 1994). The likely presence of a malarial equivalent was indicated, 
however, by cross-hydridization at low stringency with a PCR product based on the yeast tufM gene (FIG. 3B). 

Detailed Description Text (99): 

The material tuf A gene in pGEX was expressed as an insoluble fusion protein in E.coli JM 109. The protein was 
detected either with antibodies to the GST tag or with antibodies to a specific peptide sequence in domain I 
(IQKNKDYELIKSN SEQ ID NO:7) not found on E.coli EF-Tu. Washed inclusion bodies were dissolved and 
refolded by dilution (Lin et al 1991). This yielded a small amount of refolded protein that migrated in native 
acrylamide gels as a spontaneously cleaved product and we used this to show that the expressed protein forms 
complexes with kirromycin and other drugs that bind to different sites on EF-Tu. As shown in FIG. 13, the 
mobility (M.sub.r) of the expressed malarial protein was advanced or retarded in these complexes in the same 
characteristic way described for E.coli EF-Tu (Cetin et al 1996): the M.sub.r of the GDP form of the complex 
decreased with GE2270A, but increased with enacyloxin Ila or kirromycin. These results show that the 
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heterologously expressed Pf EF- Tu.sub.pl can adopt a native conformation and bind the classical antibiotic 
inhibitors. 



CLAIMS: 



1. A method for screening a compound for anti -malarial activity with malarial elongation f actor-Tu(EF-Tu) 
protein, which method comprises 

(i) contacting the compound with the EF-Tu protein encoded on the 35 kb circular p last id DNA of Plasmodium 
falciparum; and 

(ii) determining whether the compound binds to and inhibits the protein, any such binding and inhibition 
suggesting that the compound may have anti -malarial activity. 
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